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CHAPTER 1 
INTRODUCTION TO MCS-85™ 


THE MCS-85™ MICROCOMPUTER 
SYSTEM 


The basic philosophy behind the MCS-85 
microcomputer system is one of logical, evolu- 
tionary advance in technology without the 
waste of discarding existing investments in 
hardware and software. The MCS-85 provides 
the existing 8080 user with an increase in per- 
formance, a decrease in the component count, 
operation from a single 5-Volt power supply, and 
still preserves 100% of his existing software in- 
vestment. For the new microcomputer user, the 
MCS-85 represents the refinement of the most 
popular microcomputer in the industry, the Intel 
8080, along with a wealth of supporting soft- 
ware, documentation and peripheral com- 
ponents to speed the cycle from prototype to 
production. The same development tools that 
Intel has produced to support the 8080 
microcomputer system can be used for the 
MCS-85, and additional add-on features are 
available to optimize system development for 
MCS-85. 


This section of the MCS-85 User’s Manual will 
briefly detail the basic differences between the 
MCS-85 and MCS-80™ families. It will illustrate 
both the hardware and software compatibilities 
and also reveal some of the engineering trade- 
offs that were met during the design of the 
MCS-85. More detailed discussion of the 
MCS-85 bus operation and component 
specifications are available in Chapters: 2, 3, 4, 
and 5. The information provided in Chapter 1 
will be helpful in understanding the basic con- 
cepts and philosophies behind the MCS-85. 


EVOLUTION 


In December 1971, Intel introduced the first 
general purpose, 8-bit microprocessor, the 
8008. It was implemented in P-channel MOS 
technology and was packaged in a single 18 
pin, dual in-line package (DIP). The 8008 used 
standard semiconductor ROM and RAM and, 
for the most part, TTL components for I/O and 
general interface. It immediately found applica- 
tions in byte-oriented end products such as ter- 
minals and computer peripherals where its in- 
struction execution (20 micro-seconds), general 
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purpose organization and instruction set 
matched the requirements of these products. 
Recognizing that hardware was but a small part 
in the overall system picture, Intel developed 
both hardware and software tools for the 
design engineer so that the transition from pro- 
totype to production would be as simple and 
fast as possible. The commitment of providing 
a total systems approach with the 8008 micro- 
computer system was actually the basis for the 
sophisticated, comprehensive development 
tools that Intel has available today. 


INSTRUCTION CYCLE (microseconds) 


THE 8080A MICROPROCESSOR 


With the advent of high-production N-channel 
RAM memories and 40 pin DIP packaging, Intel 
designed the 8080A microprocessor. It was , 
designed to be software compatible with the : ~ f ap ek 
8008 so that the existing users of the 8008 could Pa ee ee 
preserve their investment in software and at the ; a as 
same time provide dramatically Increased per- 

formance (2 micro-second instruction execu- 

tion), while reducing the amount of components | 

necessary to implement a system. Additions. 

were made to the basic instruction set to take . AS 
advantage of this increased performance and ~ oie ip eB 
large system-type features were included on- ge on Se Gee HS ig 
chip such as DMA, 16-bit addressing and exter- ; 

nal stack memory so that the total spectrum of 

application could be significantly increased. 

The 8080 was first sampled in December 1973. 

Since that time it has become the standard of 

the industry and is accepted as the primary 

building block for more microcomputer based 

applications than all other microcomputer sys- 

tems combined. 

bined. 


A TOTAL SYSTEMS COMMITMENT 


The Intel® 8080A Microcomputer System en- 
compasses a total systems commitment to the 
user to fully support his needs both in develop- ee nts 
ing prototype systems and reliable, high volume 
production. From complex MOS/LSI peripheral 
components to resident high level systems 
language (PL/M) the Intel® 8080 Microcom- 
puter System provides the most comprehen- 
sive, effective solution to today’s system pro- 
blems. 
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SOFTWARE COMPATIBILITY 


As with any computer system the cost of soft- 
ware development far outweighs that of hard- 
ware. A microcomputer-based system is tradi- 
tionally a very cost-sensitive application and 
the development of software is one of the key 
areas where success or failure of the cost ob- 
jectives is vital. 


8085A 
SYSTEM 


8080A 


PROGRAMS 


The 8085A CPU is 100% software compatible 
with the Intel® 8080A CPU. The compatibility is 
at the object or “machine code” level so that ex- 
isting programs written for 8080A execution will 
run on the 8085A as is. The value of this 
becomes even more evident to the user who has 
mask programmed ROMs and wishes to update 
his system without the need for new masks. 


PROGRAMMER TRAINING 


A cost which is often forgotten is that of pro- 
grammer training. A new, or modified instruc- 
tion set, would require programmers to relearn 
another set of mnemonics and greatly affect 
the productivity during development. The 100% 
compatibility of the 8085A CPU assures that no 
re-training effort will be required. 


B0B0A 
PROGRAM 
LIBRARIES 


80804 
DEVELOPMENT 
TOOLS 


For the new microcomputer user, the software 
compatibility between the 8085A and the 8080A 
means that all of the software development 
tools that are available for the 8080A and all 
software libraries for 8080A will operate with 
the new design and thus save immeasurable 
cost in development and debug. 


The 8085A CPU does however add two instruc- 
tions to initialize and maintain hardware 
features of the 8085A. Two of the unused op- 
codes of the 8080A instruction set were 
designated for the addition so that 100% com- 
patibility could be maintained. 


HARDWARE COMPATIBILITY 


The integration of auxiliary 8080A functions, 
such as clock generation, system control and 
interrupt prioritization, dramatically reduces 
the amount of components necessary for most 
systems. In addition, the MCS-85 operates off a 
single +5 Volt power supply to further simplify 
hardware development and debug. A close ex- 
amination of the AC/DC specifications of the 
MCS-85 systems components shows that each 
is specified to supply a minimum of 400zA of 
source current and a full TTL load of sink cur- 
rent so that a very substantial system can be 
constructed without the need for extra TTL buf- 
fers or drivers. Input and output voltage levels 
are also specified so that a minimum of 350mV 
noise margin is provided for reliable, high- 
performance operation. 


PC BOARD CONSIDERATIONS 


The 8085A CPU and the 8080A are not pin- 
compatible due to the reduction in power sup- 
plies and the addition of integrated auxiliary 
features. However, the pinouts of the MCS-85 
system components were carefully assigned to 
minimize PC board area and thus yield a 
smooth, efficient layout. For new designs this 
incompatibility of pinouts presents no pro- 
blems and for upgrades of existing designs the 
reduction of components and board area will 
far offset the incompatibility. 
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MCS-85™ SPECIAL PERIPHERAL 
COMPONENTS 


The MCS-85 was designed to minimize the 
amount of components required for most 
systems. Intel designed several new peripheral 
components that combine memory, I/O and 
timer functions to fulfill this requirement. These 
new peripheral devices directly interface to the 
multiplexed MCS-85 bus structure and provide 
new levels in system integration for today's 
designer. 
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8155/8156 RAM, VO and Timer 

256 bytes RAM 

Two 8-bit ports 

One &bit port (programmable) 

One 14-bit programmable interval timer 

Single +5 Volt supply operation 

40 pin DIP plastic or cerdip package 
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8355 ROM and 1/0 
2K bytes ROM 
Two 8-bit ports (direction programmable) 
Single +5 Volt supply operation 
40 pin DIP plastic or cerdip package 


ees | | Veg (+5V) 
pp’ Vss (OV) 
875S5A EPROM and |/O 

Socket compatible with 8355 

2K bytes EPROM 

Two 8-bit ports (direction programmable) 

Single +5 Volt supply read operation 

U.V. Erasable 

40 pin DIP package 


One of the most important advances made with 
the MCS-85 is the socket-compatibility of the 
8355 and 8755A components. This allows the 
systems designer to develop and debug in 
erasable PROM and then, when satisfied, 
switch over to mask-programmed ROM 8355 
with no performance degradation or board 
relayout. It also allows quick prototype produc- 
tion for market impact without going to a com- 
promise solution. 
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MCS-85 SYSTEM BUS 


SYSTEM EXPANSION 


Each of these peripheral components has 
features that allow a small to medium system 
to be constructed without the addition of buf- 
fers and decoders to maintain the lowest possi- 
ble component count. 
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INTERFACING TO MCS-80/85 
PROGRAMMABLE PERIPHERAL 
COMPONENTS 


The MCS-85 shares with the MCS-80 a wide 
range of peripheral components that solve 
system problems and provide the designer with 
a great deal of flexibility in his I/O, Interrupt and 
DMA structures. The MCS-85 is directly com- 
patible with these peripherals, and, with the ex- 
ception of the 8257-5 DMA controller, needs no 
additional circuitry for their interface in a 
minimum system. The 8257-5 DMA controller 
uses an 8212 latch and some gating to support 
the multiplexed bus of MCS-85. 


PROGRAMMABLE PERIPHERALS 


The list of programmable peripherals for use 
with the 8085A includes: 


8251A Programmable Communications 
Interface 

8253-5 Programmable Interval Timer 

8255A-5 Programmable Peripheral Inter- 
face 

8257-5 Programmable DMA Controller 

8259-5 Programmable Interrupt Con- 
troller 

8271 Diskette Controller 

8273 Synchronous Data Link Con- 
troller 

8275 CRT Controller 

oe Keyboard/Display Controller 

27 


Keyboard/Display Controller 


The MCS-80/85 peripheral compatibility assures 
the designer that all new peripheral com- 
ponents from Intel will interface to the MCS-85 
bus structure to further expand the application 
spectrum of MCS-85. 
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INTERFACING TO STANDARD MEMORY 


The MCS-85 was designed to support the full 
range of system configurations from small 3 
chip applications to large memory and I/O ap- 
plications. The 8085A CPU issues advanced 
READ/WRITE status signals (SO, S1, and IO/M) 
so that, in the case of large systems, these 
signals could be used to simplify bus arbitra- 
tion logic and dynamic RAM refresh circuitry. 


In large, memory-intensive systems, standard 
memory devices may provide a more cost- 
effective solution than do the special 8155 and 
8355 devices, especially where few I/O lines are 
required. : 


DEMULTIPLEXING THE BUS 


In order to interface standard memory com- 
ponents such as Intel® 2114, 2142, 2716, 2316E, 
2104A and 2117 the-MCS-85 bus must be 
“demultiplexed”. This is accomplished by con- 
necting an Intel® 8212 latch to the data bus and 
strobing the latch with the ALE signal from the 
8085A CPU. The ALE signal is issued to indicate 
that the multiplexed bus contains the lower 
8-bits of the address. The 8212 latches this in- 
formation so that a full 16-bit address is 
available to interface standard memory com- 
ponents. 


USE OF 8212 


Large, memory intensive systems are usually 
multi-card implementations and require some 
form of TTL buffering to provide necessary cur- 
rent and voltage levels. Frequently, 8212s are 
used for this purpose. The 8212 has the advan- 
tage of being able to latch and demultiplex the 
address bus and provide extra address drive 
capability at the same time. 
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SYSTEM PERFORMANCE 


The true benchmark of any microcomputer- 
based system is the amount of tasks that can 
be performed by the system in a given period of 
time. Increasing speed of CPU instruction ex- 
ecution has been the common approach to in- 
creasing system throughput but this puts a 
greater strain on the memory access require- 
ment and bus operation than is usually prac- 
tical for most applications. A much more 
desirable method would be to distribute the 
task-load to peripheral devices. 


DISTRIBUTED PROCESSING 


The concept of distributed task processing is 
not new to the computer designer, but until 
recently little if any task distribution was 
available to the microcomputer user. The use of 
the new programmable MCS-80/85 peripherals 
can relieve the central processor of many of the 
bookkeeping I/O and timing tasks that would 
otherwise have to be handled by system soft- 
ware. 


INSTRUCTION CYCLE/ACCESS TIME 


The basic instruction cycle of the 8085A is 1.3 
microseconds, the same speed as the 8080A-1. 
Aclose look at the MCS-85 bus operation shows 
that the access requirement for this speed is 
only 575 nanoseconds. The MCS-80™ access re- 
quirements for this speed would be under 300 
nanoseconds. This illustrates the efficiency 
and improved timing margins of the MCS-85 bus 
structure. The new 8085A-2, a high-speed 
selected version of the 8085A with a .8 micro- 
second instruction cycle, provides a 60% per- 


formance improvement over the standard 
8085A. 


CONCLUSIONS: THROUGHPUT/COST 


When a total system throughput/cost analysis 
is taken, the MCS-85 system with its advanced 
processor will yield the most cost-effective, 
reliable and producible system. 


INSTRUCTION CYCLE (microseconds) 
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CHAPTER 2 
FUNCTIONAL DESCRIPTON 


2.1. WHAT THE 8085A IS 


The 8085A Is an 8-bit general-purpose micro- 
processor that is very cost-effective in small 
systems because of its extraordinarily low hard- 
ware overhead requirements. At the same time 
It is capable of accessing up to 64K bytes of 
memory and has. status lines for controlling 
large systems.:: 


2.2 - WHaT' s IN THE ‘B085A 


In the 8085A microprocessor are cantalned the 
functions of clock generation, system bus con- 
trol, and interrupt priority selection, in addition 
to execution of the instruction set. (See Figure 
2-1.) The 8085A transfers.data on an 8-bit, bi- 
directional 3-state bus (ADg7) which is time- 
multiplexed so as to also transmit the eight 
lower-order address bits. An additional eight 
lines (Ag.1s)-expand the MCS-85 system memory 
addressing capability to 16 bits, thereby allow- 
ing 64K bytes of memory to be accessed direct- 
ly by the CPU. The 8085A CPU (central process- 
ing unit) generates control signals that can be 
used to select appropriate external devices and 
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functions to perform READ and WRITE opera- 
tions and also to select memory or I/O ports. 
The 8085A can address up to 256 different I/O 
locations. These addresses have the same 
numerical values (00 through FFH) as the first 
256 memory addresses; they are distinguished 
by means of the IO/M output from the CPU. You 
may also choose to address I/O ports as 
memory locations (i.e., memory-map the I/O, 
Section 3.2). 


2.2.1 Registers 


The 8085A, like the 8080, is provided with inter- 
nal 8-bit registers and 16-bit registers. The 
8085A has eight addressable 8-bit registers. Six 
of them can be used either as 8-bit registers or 
as 16-bit register pairs. Register pairs are 
treated as though they were single, 16-bit 
registers; the high-order byte of a pair is located 
in the first register and the low-order byte is 
located in the second. In addition to the register 
pairs, the 8085A contains two more 16- bit 
registers. 


proaram counter |) 


INCREMENTER/DECREMENTER 
ADDRESS LATCH (16) 


avoress surren =‘) DATA/ADORESS BUFFER (") 


Ae ADor 
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FIGURE 2-1 8085A CPU FUNCTIONAL BLOCK DIAGRAM 


FUNCTIONAL DESCRIPTION 


The 8085A’s CPU registers are distinguished as. 


follows: 


© The accumulator (ACC or A Register) is 
the focus of all of the accumulator in- 
structions (Table 4-1), which include 
arithmetic, logic, load and store, and I/O 
instructions. It is an 8-bit register only. 
(However, see Flags, in this list.) 


¢ The program counter (PC) always points 
to the memory location of the next in- 
struction to be executed. It always con- 
tains a 16-bit address. 


General-purpose registers BC, DE, and 
HL may be used as six 8-bit registers or 
as three 16-bit registers, interchangeably, 
depending on the instruction being per- 
formed. HL functions as a data pointer to 
reference memory addresses that are 
either the sources or the destinations in 
a number of instructions. A smaller 
number of instructions can use BC or DE 
for indirect addressing. 


The stack pointer (SP) is a special data 
pointer that always points to the stack 
top (next available stack address). It is 
an indivisible 16-bit register. 


The flag register contains five one-bit 
flags, each of which records processor 
status information and may also control 
processor operation. (See following 
paragraph.) 


2.2.2 Flags 


The five flags in the 8085A CPU are shown 
below: 


D; Dg Ds Dy D3 Dp Dy Do 


els ers ee 


The carry flag (CY) is set and reset by arithmetic 
operations. Its status can be directly tested by 
a program. For example, the addition of two 
one-byte numbers can produce an answer that 
does not fit into one byte: 


HEXIDECIMAL BINARY 
AEH 10101110 
+74H 01110100 
122H 100100010 


Carry bit sets carry flag to 1 


2-2 


An addition operation that results in an 
overflow out of the high-order bit of the ac- 
cumulator sets the carry flag. An addition 
operation that does not result in an overflow 
clears the carry flag. (See 8080/8085 Assembly 
Language Programming Manual for further 
details.) The carry flag also acts as a ‘“‘borrow” 
flag for subtract operations. 


The auxiliary carry flag (AC) indicates overflow 
out of bit 3 of the accumulator in the same way 
that the carry flag indicates overflow out of bit 
7. This flag is commonly used in BCD (binary 
coded decimal) arithmetic. 


The sign flag is set to the condition of the most 
significant bit of the accumulator following the 
execution of arithmetic or logic instructions. 
These instructions use bit 7 of data to represent 
the sign of the number contained in the ac- 
cumulator. This permits the manipulation of 
numbers in the range from —128 to +127. 


The zero flag is set if the result generated by 
certain instructions is zero. The zero flag is 
cleared if the result is not zero: A result that has 
a carry but has a zero answer byte in the ac- 
cumulator will set both the carry flag and the 
zero flag. For example, 


HEXADECIMAL BINARY 
A7H 10100111 
+ 59H +01011001 
100H 700000000 
Carry bit - 


Eight zero bits set zero flag to 1 


Incrementing or decrementing certain CPU 
registers with a zero result will also set the zero 
flag. 


The parity flag (P) is set to 1 if the parity 
(number of 1-bits) of the accumulator is even. If 
odd, it is cleared. 


2.2.3 Stack 


The stack pointer maintains the address of the 
last byte entered into the stack. The stack 
pointer can be initialized to use any portion of 
read-write memory as a stack. The stack pointer 
is decremented each time data is pushed onto 
the stack and is incremented each time data is 
popped off the stack (i.e., the stack grows 
downward in terms of memory address, and the 
Stack “top” is the lowest numerical address 
represented in the stack currently in use). Note 
that the stack pointer is always incremented or 
decremented by two bytes since all stack 
operations apply to register pairs. 
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2.2.4 Arithmetic-Logic Unit (ALU) 


The ALU contains the accumulator and the flag 
register (described in Sections 2.2.1 and 2.2.2) 
and some temporary registers that are inac- 
cessible to the programmer. 


Arithmetic, logic, and rotate operations are per- 
formed by the ALU. The results of these opera- 
tions can be deposited in the accumulator, or 
they can be transferred to the internal data bus 
for use elsewhere. 


2.2.5 Instruction Register and Decoder 


During an instruction fetch, the first byte of an 
instruction (containing the opcode) is trans- 
ferred from the internal bus to the 8-bit instruc- 
tion register. (See Figure 2-1.) The contents of 
the instruction register are, in turn, available to 
the instruction decoder. The output of the 
decoder, gated by timing signals, controls the 
registers, ALU, and data and address buffers. 
The outputs of the instruction decoder and in- 
ternal clock generator generate the state and 
machine cycle timing signals. 


2.2.6 Internal Clock Generator 


The 8085A CPU incorporates a complete clock 
generator on its chip, so it requires only the ad- 
dition of a quartz crystal to establish timing for 
its operation. (It will accept an external clock in- 
put at its X; input instead, however.) A suitable 
crystal for the standard 8085A must be parallel- 
resonant at a fundamental of 6.25 MHz or less, 
twice the desired internal clock frequency. The 
8085A-2 will operate with crystal of up to 10 
MHz. The functions of the 8085A internal clock 
generator are shown in Figure 2-2. A Schmitt 
trigger is used interchangeably as oscillator or 


* EXTERNAL CAPACITORS REQUIRED ONLY FOR CRYSTAL FREQUENCIES «4MHz 


FIGURE 2-2 8085A CLOCK LOGIC 
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as input conditioner, depending upon whether a 
crystal or an external source is used. The clock 
circuitry generates two nonoverlapping internal 
clock signals, $1 and ¢2 (see Figure 2-2). ¢; and 
¢2 control the internal timing of the 8085A and 
are not directly available on the outside of the 
chip. The external pin CLK is a buffered, in- 
verted version of ¢;. CLK is half the frequency of 
the crystal input signal and may be used for 
clocking other devices in the system. 
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FIGURE 2-3 8085A HARDWARE AND SOFT- 
WARE RST BRANCH LOCATIONS 


2.2.7 Interrupts 


The five hardware interrupt inputs provided in 
the 8085A are of three types. INTR is identical 
with the 8080A INT line in function; i.e., it is 
maskable (can be enabled or disabled by El or 
DI software instructions), and causes the CPU 
to fetch in an RST instruction, externally placed 
on the data bus, which vectors a branch to any 
one of eight fixed memory locations (Restart ad- 
dresses). (See Figure 2-3.) INTR can also be 
controlled by the 8259 programmable interrupt 
controller, which generates CALL instructions 
instead of RSTs, and can thus vector operation 
of the CPU to a preprogrammed subroutine 
located anywhere in your system’s memory 
map. The RST 5.5, RST 6.5, and RST 7.5 hard- 
ware interrupts are different in function in that 
they are maskable through the use of the SIM 
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instruction, which enables or disables these in- 
terrupts by clearing or setting corresponding 
mask flags based on data in the accumulator. 
(See Figure 2-4.) You may read the status of the 
interrupt mask previously set by peforming a 
RIM instruction. Its execution loads into the ac- 
cumulator the following information. (See 
Figure 2-5.) 

e Current interrupt mask status for the 

RST 5.5, 6.5, and 7.5 hardware status. 


¢ Current interrupt enable flag status (ex- 
cept that immediately following TRAP, 
the IE flag status preceding that inter- 
rupt is loaded). 


¢ RST 5.5, 6.5, and 7.5 interrupts pending. 


RST 5.5, 6.5, and 7.5 are also subject to being 
enabled or disabled by the El and DI instruc- 
tions, respectively. INTR, RST 5.5, and RST 6.5 
are level-sensitive, meaning that these inputs 
may be acknowledged by the processor when 
they are held at a high level. RST 7.5 is edge- 
sensitive, meaning that an internal flip-flop in 
the 8085A registers the occurrence of an inter- 
rupt the instant a rising edge appears on the 
RST 7.5 input line. This input need not be held 
high; the flip-flop will remain set until it is 
cleared by one of three possible actions: 


¢ The 8085A responds to the interrupt, 
and sends an internal reset signal to the 
RST 7.5 flip-flop. (See Figure 2-6A.) 


SIM — SET INTERRUPT MASK 
(OPCODE = 30) 
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FIGURE 2-4 INTERRUPT MASKS SET USING 
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FIGURE 2-5 RIM — READ INTERRUPT MASK 
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FIGURE 2-6B TRAP INTERRUPT INPUTS 


FIGURE 2-6 RST 7.5 AND TRAP INTERRUPT 
INPUTS 
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e The 8085A, before responding to the RST 
7.5 interrupt, receives a RESET IN signal 
from an external source; this also ac- 
tivates the internal reset. 


e The 8085A executes a SIM instruction, 
with accumulator bit 4 previously set to 
1. (See Figure 2-4.) 


The third type of hardware interrupt is TRAP. 
This input is not subject to any mask or inter- 
rupt enable/disable instruction. The receipt of a 
positive-going edge on the TRAP input triggers 
the processor’s hardware interrupt sequence, 
but the pulse must be held high until 
acknowledged internally (see Figure 2-6B). 


The sampling of all interrupts occurs on the 
descending edge of CLK, one cycle before the 
end of the instruction in which the interrupt in- 
put is activated. To be recognized, a valid inter- 
rupt must occur at least 160 ns before sampling 
time in the 8085A, or 150 ns in the 8085A-2. This 
means that to guarantee being recognized, RST 
5.5 and 6.5 and TRAP need to be held on for at 
least 17 clock states plus 160 ns (150 for 
8085A-2), assuming that the interrupt might ar- 
rive just barely too late to be acknowledged dur- 
ing a particular instruction, and that the follow- 
ing instruction might be an 18-state CALL. This 
timing assumes no WAIT or HOLD cycles are 
used. 


The way interrupt masks are set and read is 
described in Chapter 4 under the RIM (read in- 


2.2.8 Serial Input and Output 


The SID and SOD pins help to minimize chip 
count in small systems by providing for easy in- 
terface to a serial port using software for timing 
and for coding and decoding of the data. Each 


time a RIM instruction is executed, the status of 


the SID pin is read into bit 7 of the accumulator. 
RIM is thus a dual-purpose instruction. (See 
Chapter 4.) In similar fashion, SIM is used to 
latch bit 7 of the accumulator out to the SOD 
output via an internal flip-flop, providing that bit 
6 of the accumulator is set to 1. (See Figure 2-7.) 
Section 2.3.8 describes SID and SOD timing. 


SID can also be used as a general purpose 
TEST input and SOD can serve as a one-bit con- 
trol output. 


terrupt mask) and SIM (set interrupt mask) in- 
struction listings. Interrupt functions and their 
priorities are shown in the table that follows. 


Address (1) Type 


Name Priority Branched to 
when inter- Trigger 
rupt occurs 
TRAP 1 24H Rising edge 
AND high 
level until 
sampled 
RST 7.5 2 3CH Rising edge 
(latched) 
RST 6.5 3 34H High level 
until sam- 
pled 
RST 5.5 4 2CH High level 
until sam- 
pled 
INTR 5 (2) High level 
until sam- 
pled 
NOTES: 


(1) In the case of TRAP and RST 5.5-7.5, the 
contents of the Program Counter are 
pushed onto the stack before the branch 
occurs. 

(2) Depends on the instruction that is pro- 
vided to the 8085A by the 8259 or other 
circultry when the Interrupt is acknowl- 
edged. 
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FIGURE 2-7 EFFECT OF RIM AND SIM 
INSTRUCTIONS ON SERIAL DATA LINES 
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2.3 HOW THE MCS-85 SYSTEM WORKS 


The 8085A CPU generates signals that tell 
peripheral devices what type of Information is 
on the multiplexed Address/Data bus and from 
that point on the operation is almost identical 
to the MCS-80™ CPU Group. A multiplexed bus 
structure was chosen because it freed device 
pins so that more functions could be integrated 
on the 8085A and other components of the fami- 
ly. The multiplexed bus is designed to allow 
complete compatibility to existing peripheral 


components with improved timing margins and 
access requirements. (See Figure 2-8.) 


To enhance the system integration of MCS-85, 
several special components with combined 
memory and I/O were designed. These new 
devices directly interface to the multiplexed 
bus of the 8085A. The pin locations of the 8085A 
and the special peripheral components are 
assigned to minimize PC board area and to 
allow for efficient layout. The details on 
peripheral components are contained in subse- 
quent paragraphs of this chapter and in 
Chapters 5 and 6. 
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2.3.1 Multiplexed Bus Cycle Timing 


The execution of any 8085A program consists 
of a sequence of READ and WRITE operations, 
of which each transfers a byte of data between 
the 8085A and a particular memory or I/O ad- 
dress. These READ and WRITE operations are 
the only communication between the processor 
and the other components, and are all that is 
necessary to execute any instruction or pro- 
gram. 


Each READ or WRITE operation of the 8085A is 
referred to as a machine cycle. The execution of 
each instruction by the 8085A consists of a se- 
quence of from one to five machine cycles, and 
each machine cycle consists of a minimum of 
from three to six clock cycles (also referred to 
as T states). Consider the case of the Store Ac- 
cumulator Direct (STA) instruction, shown in 
Figure 2-9. The STA instruction causes the con- 
tents of the accumulator to be stored at the 
direct address specified in the second and third 
bytes of the instruction. During the first 
machine cycle (Mj), the CPU puts the contents 
of the program counter (PC) on the address bus 
and performs a MEMORY READ cycle to read 
from memory the opcode of the next instruction 
(STA). The M; machine cycle is also referred to 
as the OPCODE FETCH cycle, since it fetches 
the operation code of the next instruction. In 
the fourth clock cycle (T4) of M;, the CPU inter- 
prets the data read in and recognizes it as the 
opcode of the STA instruction. At this point the 


MACHINE 
CYCLE 


TSTATE 


cLK 


TYPE OF 
MACHINE CYCLE MEMORY READ 


THE ADDRESS (CONTENTS OF THE 


ADDRESS BUS 


FIRST BYTE (OPCODE) OF THE 
INSTRUCTION 


DATA BUS 


INSTRUCTION OPCODE (STA) 


INSTRUCTION CYCLE 


MEMORY READ 


THE ADDRESS (PC + 1) POINTS| THE ADDRESS (PC + 2) POINTS| THE ADDRESS IS THE DIRECT 
PROGRAM COUNTER) POINTS TO THE [TO THE SECOND BYTE OF 
THE INSTRUCTION 


LOW ORDER BYTE OF THE 
DIRECT ADDRESS 


CPU knows that it must do three more machine 
cycles (two MEMORY READs and one MEMORY 
WRITE) to complete the instruction. 


The 8085A then increments the program 
counter so that it points to the next byte of the 
instruction and performs a MEMORY READ 
machine cycle (M2) at address (PC + 1). The ac- 
cessed memory places the addressed data on 
the data bus for the CPU. The 8085A temporarily 
stores this data (which is the low-order byte of 
the direct address) internally in the CPU. The 
8085A again increments the program counter to 
location (PC +2) and reads from memory (M3) 
the next byte of data, which is the high- 
order byte of the direct address. 


At this point, the 8085A has accessed all three 
bytes of the STA instruction, which it must now 
execute. The execution consists of placing the 
data accessed in M2 and M3 on the address bus, 
then placing the contents of the accumulator 
on the data bus, and then performing a 
MEMORY WRITE machine cycle (M4). When M4 
is finished, the CPU will fetch (M;) the first byte 
of the next instruction and continue from there. 


State Transition Sequence 


As the preceding example shows, the execution 
of an instruction consists of a series of 
machine cycles whose nature and sequence is 
determined by the opcode accessed in the M, 


MEMORY READ 


MEMORY WRITE 


TO THE THIRD BYTE OF THE |AODRESS ACCESSED IN M2 
INSTRUCTION AND M3 


HIGH ORDER BYTE OF THE 
DIRECT ADDRESS 


CONTENTS OF THE 
ACCUMULATOR 


FIGURE 2-9 CPU TIMING FOR STORE ACCUMULATOR DIRECT (STA) INSTRUCTION 
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FIGURE 2-10 8085A MACHINE CYCLE CHART 


machine cycle. While no one instruction cycle 
will consist of more than five machine cycles, 
every machine cycle will be one of the seven 
types listed in Figure 2-10. These seven types of 
machine cycles can be differentiated by the 
state of the three status lines (IO/M, So, and S4) 
and the three control signals (RD, WR, and 
INTA). 


Most machine cycles consist of three T states, 
(cycles of the CLK output) with the exception of 
OPCODE FETCH, which normally has either 
four or six T states. The actual number of states 
required to perform any instruction depends on 
the instruction being executed, the particular 
machine cycle within the instruction cycle, and 
the number of WAIT and HOLD states inserted 
into each machine cycle through the use of the 
READY and HOLD inputs of the 8085A. The 
state transition diagram in Figure 2-11 il- 
lustrates how the 8085A proceeds in the course 
of a machine cycle. The state of various status 
and control signals, as well as the system 
buses, is shown in Figure 2-12 for each of the 
ten possible T states that the processor can be 
in. 


Figure 2-11 also shows when the READY, HOLD, 
and interrupt signals are sampled, and how 
they modify the basic instruction sequence (T;- 
Tg and Twait). AS we shall see, the timings for 
each of the seven types of machine cycles are 
almost identical. 


OPCODE FETCH (OF): 


The OPCODE FETCH (OF) machine cycle is 
unique in that it has more than three clock 
cycles. This is because the CPU must interpret 
the opcode accessed in T;, Tz, and T3 before it 
can decide what to do next. 
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FIGURE 2-12 80854 MACHINE STATE CHART 


Figure 2-13 shows the timing relationships for 
an OF machine cycle. The particular instruction 
illustrated is DCX, whose timing for OF differs 
from other instructions in that it has six T 
states, while some instructions require only 
four T states for OF. In this discussion, as well 
as the following discussions, only the relative 
timing of the signals will be discussed; for the 
actual timings, refer to the data sheets of the in- 
dividual parts in Chapters 5 and 6. 


The first thing that the 8085A does at the begin- 
ning of every machine cycle is to send out three 
status signals (IO/M, S1, SO) that define what 
type of machine cycle is about to take place. 
The IO/M signal identifies the machine cycle as 
being either a memory reference or input/output 
operation: The S1 status signal! identifies 
whether the cycle is a READ or WRITE opera- 
tion. The SO and S1 status signals can be used 
together (see Figure 2-10) to identify READ, 
WRITE, or OPCODE FETCH machine cycles as 
well as the HALT state. Referring to Figure 2-13, 
the 8085A will send out IO/M = 0,S1 = 1,S0 = 1 
at the beginning of the machine cycle to iden- 
tify it as a READ from a memory location to ob- 
tain an opcode; in other words, it identifies the 
machine cycle as an OPCODE FETCH cycle. 
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The 8085A also sends out a 16-bit address at the 
beginning of every machine cycle to identify the 
particular memory location or I/O port that the 
machine cycle applies to. In the case of an OF 
cycle, the contents of the program counter is 
placed on the address bus. The high order byte 
(PCH) is placed on the Ag-Aj5 lines, where it will 
stay until at least T4. The low order byte (PCL) is 
placed on the AD,-AD; lines, whose three-state 
drivers are enabled if not found already on. 
Unlike the upper address lines, however, the in- 
formation on the lower address lines will re- 
main there for only one clock cycle, after which 
the drivers will go to their high impedance state, 
indicated by a dashed line in Figure 2-13. This is 
necessary because the AD -AD; lines are time 
mulitplexed between the address and data 
buses. During T, of every machine cycle, ADo- 
AD7 output the lower 8-bits of address after 
which ADo-AD7 will either output the desired 
data for a WRITE operation or the drivers will 
float (as is the case for the OF cycle), allowing 
the external device to drive the lines for a READ 
operation. 


Since the address information on ADp-AD; is of 
a transitory nature, it must be latched either in- 
ternally in special multiplexed-bus components 
like the 8155 or externally in parts like the 8212 
8-bit latch. (See Chapter 3.) The 8085A provides 
a special timing signal, ADDRESS LATCH 
ENABLE (ALE), to fauilitate the latching of Ao-A7; 
ALE is present during T; of every machine cycle. 


After the status signals and address have been 
sent out and the AD)-AD7 drivers have been 
disabled, the 8085A provides a low level on RD 
to enable the addressed memory device. The 
device will then start driving the ADg-AD; lines; 
this is indicated by the dashed line turning into 
a solid line in Figure 2-13. After a period of time 
(which is the access time of the memory) valid 
data will be present on ADo-AD7. The 8085A dur- 
ing T3 will load the memory data on ADg-AD;7 in- 
to its instruction register and then raise to 
the high level, disabling the addressed memory 
device. At this point, the 8085A will have fin- 
ished accessing the opcode of the instruction. 
Since this is the first machine cycle (Mj) of the 
instruction, the CPU will automatically step to 
T4, as shown in Figure 2-11. 


During Ts, the CPU will decode the opcode in 
the instruction register and decide whether to 
enter Ts on the next clock or to start a new 
machine cycle and enter T;. In the case of the 
DCX instruction shown in Figure 2-13, it will 
enter Ts and then Tg before going to T;. 
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FIGURE 2-13 OPCODE FETCH MACHINE CYCLE (OF DCX INSTRUCTION) 


During Ts and Ts, of DCX, the CPU will decre- 
ment the designated register. Since the Ag-Aj5 
lines are driven by the address latch circuits, 
which are part of the incrementer/decrementer 
logic, the Ag-A,5 lines may change during Ts and 
Tg. Because the value of Ag-Ais can vary during 
T4-Tg, it is most important that all memory and 
VO devices on_the system bus qualify their 
selection with RD. If they don’t use RD, they 
may be spuriously selected. Moreover, with a 
linear selection technique (Chapter 3), two or 
more devices could be simultaneously enabled, 
which could be potentially damaging. The 
generation of spurious addresses can also oc- 
cur momentarily at address bus transitional 
periods in T,. Therefore, the selection of all 
memory and I/O devices must be qualified with 
RD or WR. Many new memory devices like the 
8155 and 8355 have the RD input that internally 
is used to enable the data bus outputs, remov- 
ing the need for externally qualifying the chip 
enable input with RD. 


Figure 2-14 is identical to Figure 2-13 with one 
exception, which is the use of the READY line. 
As we can see in Figure 2-11, when the CPU is in 
To, it examines the state of the READY line. If 
the READY line Is high, the CPU will proceed to 
Ts and finish executing the instruction. If the 
READY line is low, however, the CPU will enter 
Twair and stay there indefinitely until READY 
goes high. When the READY line does go high, 
the CPU will exit Twarr and enter T3, in order to 
complete the machine cycle. As shown in 
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Figure 2-14, the external effect of using the 
READY line is to preserve the exact state of the 
processor signals at the end of T> for an integral 
number of clock periods, before finishing the 
machine cycle. This “stretching” of the system 
timing has the further effect of increasing the 
allowable access time for memory or I/O 
devices. By inserting Twait states, the 8085A 
can accommodate even the slowest of 
memories. Another common use of the READY 
line is to singe-step the processor with a 
manual switch. 


2.3.2 Read Cycle Timing 
MEMORY READ (MR): 


Figure 2-15 shows the timing of two successive 
MEMORY READ (MR) machine cycles, the first 
without a Twat State and the second with one 
Twart State. The timing during T,-T3 is absolute- 
ly identical to the OPCODE FETCH machine cy- 
cle, with the exception that the status sent out 
during T, is IO/M = 0,S1 = 1, SO = 0, identify- 
ing the cycles as a READ from a memory loca- 
tion. This differs from Figure 2-13 only in that SO 
= 1 for an OF cycle, identifying that cycle as an 
OPCODE FETCH operation. Otherwise, the two 
cycles are identical during T,-T3. 


A second difference occurs at the end of T3. As 
shown in Figure 2-11, the CPU always goes to T, 
from T3 during My, which Is always an OF cycle. 
During all other machine cycles, the CPU will 
always go from T; to T, of the next machine 
cycle. 


FUNCTIONAL DESCRIPTION 


icaravarerenee 
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FIGURE 2-14 OPCODE FETCH MACHINE CYCLE WITH ONE WAIT STATE 
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FIGURE 2-15 MEMORY READ (OR I/O READ) MACHINE CYCLES 
(WITH AND WITHOUT WAIT STATES) 
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The memory address used in the OF cycle is 
always the contents of the program counter, 
which points to the current instruction, while 
the address used in the MR cycle can have 
several possible origins. Also, the data read in 
during an MR cycle is placed in the appropriate 
register, not the instruction register. 


VO READ (IOR): 


Figure 2-15 also shows the timing of two suc- 
cessive I/O READ (IOR) machine cycles, the first 
without a Twair State. As is readily apparent, the 
timing of an IOR cycle is identical to the timing 
of an MR cycle, with the exception of |O/M = 0 
for MR and |O/M = 1 for IOR; recall that |O/M 
Status signal identifies the address of the cur- 
rent machine cycle as selecting either a 
memory location or an I/O port. The address 
used in the IOR cycle comes from the second 
byte (Port No.) of an INPUT instruction. Note 
that the I/O port address is duplicated onto both 
ADo-AD7 and Ag-Ais. The IOR cycle can occur 
only as the third machine cycle of an INPUT in- 
struction. 


Note that the READY signal can be used to 
generate Twajr States for I/O devices as well as 
memory devices. By gating the READY signal 
with the proper status lines, one could generate 
Twart States for memory devices only or for I/O 
devices only. By gating in the address lines, one 
can further qualify Twair State generation by the 
particular devices being accessed. 


ia 
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2.3.3 WRITE Cycle Timing 
MEMORY WRITE (MW): 


Figure 2-16 shows the timing for two successive 
MEMORY WRITE (MW) machine cycles, the first 
without a Twart State, and the second with one 
Twat State. The 8085A sends out the status dur- 
ing T; in a similar fashion to the OF, MR and 
IOR cycles, except that IO/M = 0, S1 = 0, and 
S0= 1, identifying the current machine cycle as 
being a WRITE operation to a memory location. 


The address is sent out during T, in an identical 
manner to MR. However, at the end of Tj, there 
is a difference. While the ADo-AD7 drivers were 
disabled during T2-T3 of MR in expectation of 
the addressed memory device driving the ADo- 
AD7 lines, the drivers are not disabled for MW. 
This is because the CPU must provide the data 
to be written into the addressed memory loca- 
tion. The data is placed on ADp-AD7 at the start 
of Tz. The WR signal is also lowered at this time 
to enable the writing of the addressed memory 
device. During T2, the READY line is checked to 
see if a Twart State is required. If READY is low, 
Twair States are inserted until READY goes 
high. During T3, the WR line is raised, disabling 
the addressed memory device and thereby ter- 
minating the WRITE operation. The contents of 
the address and data lines are not changed un- 
til the next T,, which directly follows. 


Note that the data on AD g-AD7 is not 
guaranteed to be stable before the falling edge 


FIGURE 2-16 MEMORY WRITE (OR I/O WRITE) MACHINE CYCLES 


(WITH AND WITHOUT WAIT STATES) 
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of WR. The ADo-AD; lines are guaranteed to be 
stable both before and after the rising edge of 
R. 


VO WRITE (lOW): 


As Figure 2-16 shows, the timing for an I/O 
WRITE (IOW) machine cycle is the same as an 
MW machine cycle except that 1O/M = Oduring 
the MW cycle and |O/M = during the lOW cycle. 


As with the |OR cycle discussed previously, the 
address used in an IOW cycle is the I/O port 
number which is duplicated on both the high 
and low bytes of the address bus. In the case of 
IOW, the port number comes from the second 
byte of an OUTPUT instruction as the instruc- 
tlon is executed. 


2.3.4 Interrupt Acknowledge (INA) Timing 


Figures 2-17 and 2-18 (a continuation of 2-17) 
depict the course of action the CPU takes in 
response to a high level on the INTR line if the 
INTE FF (interrupt enable flip-flop) has been set 
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by the EI instruction. The status of the TRAP 
and RST pins as well as INTR is sampled during 
the second clock cycle before M, « T}. 


a a er eo EA POETS Pe 
set, then the CPU will 


“énier_an_ INTERRUPT ACKNOWLEDGE UNA} 

machine cycle, The INA cycle is identical to an 
OF cycle with two exceptions. INTA is sent out 
instead of RD. Also, IO/M = 1 during INA, 
whereas IO/M = 0 for OF. Although the con- 
tents of the program counter are sent out on the 
address lines, the address lines can be ignored. 


When INTA is sent out, the external interrupt 
logic must provide the opcode of an instruction 
to execute. The opcode is placed on the data 
bus and read in by the processor. If the opcode 
is the first byte of a multiple-byte instruction, 
additional INTA pulses will be provided by the 
8085A to clock in the remaining bytes. 
RESTART and CALL instructions are the most 


tt ae 


FIGURE 2-17 INTERRUPT ACKNOWLEDGE MACHINE CYCLES 
(WITH CALL INSTRUCTION IN RESPONSE TO INTR) 


2-13 


FUNCTIONAL DESCRIPTION 


logical choices, since they both force the pro- 
cessor to push the contents of the program 
-counter onto the stack before jumping to a new 
location. In Figure 2-17 it is assumed that a 
CALL opcode is sent to the CPU during M;. The 
CALL opcode could have been placed there by a 
device like the 8259 programmable interrupt 
controller. 


After receiving the opcode, the processor then 
decodes it and determines, in this case, that the 
CALL instruction requires two more bytes. The 
CPU therefore performs a second INA cycle (M2) 
to access the second byte of the instruction 
from the 8259. The timing of this cycle is iden- 
tical to My, except that it has only three T 
states. M2 is followed by another INA cycle (M3) 
to access the third byte of the CALL instruction 
from the 8259. 


Now that the CPU has accessed the entire in- 
struction used to acknowledge the interrupt, it 
will execute that instruction. Note that any in- 
struction could be used (except El or DI, the in- 
structions which enable or disable interrupts), 
but the RESTART and CALL instructions are the 
most logical choices. Also notice that the CPU 
inhibited the incrementing of the program 
counter (PC) during the three INA cycles, so 
that the correct PC value can be pushed onto 
the stack during M, and Ms. 


During Mg, and Ms, the CPU performs MEMORY 
WRITE machine cycles to write the upper and 
then lower bytes of the PC onto the top of the 
stack. The CPU then places the two bytes ac- 
cessed in M2 and M3 into the lower and upper 
bytes of the PC. This has the effect of jumping 
the execution of the program to the location 
specified by the CALL instruction. 


cacy 
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FIGURE 2-18 INTERRUPT ACKNOWLEDGE MACHINE CYCLES 
(WITH CALL INSTRUCTION IN RESPONSE TO INTR) 
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2.3.5 Bus Idle (BI) and HALT State 


Most machine cycles of the 8085A are 
associated with either a READ or WRITE opera- 
tion. There are two exceptions to this rule. The 
first exception takes place during Mz and M3 of 
the DAD instruction. The 8085A requires six in- 
ternal T states to execute a DAD instruciton, 
but it is not desirable to have M, be ten (four 
normal plus six extra) states long. Therefore, 
the CPU generates two extra machine cycles 
that do not access either the memory or the I/O. 
These cycles are referred to as BUS IDLE (Bl) 
machine cycles. In the case of DAD, they are 
identical to MR cycles except that RD remains 
high and ALE is not generated. Note that 
READY is ignored during Mz and M3 of DAD. 


FIGURE 2-19 RST 7.5 BUS IDLE MACHINE CYCLE 
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The other time when the BUS IDLE machine cy- 
cle occurs is during the internal opcode genera- 
tion for the RST or TRAP interrupts. Figure 2-19 
illustrates the BI cycle generated in response to 
RST 7.5. Since this interrupt is rising-edge- 
triggered, it sets an internal latch; that latch is 
sampled at the falling edge of the next to the 
last T-state of the previous instruction. At this 
point the CPU must generate its own internal 
RESTART instruction which will (in subsequent 
machine cycles) cause the processor to push 
the program counter on the stack and to vector 
to location 3CH. To do this, it executes an OF 
machine cycle without issuing RD, generating 
the RESTART opcode instead. After M,, the 
CPU continues execution normally in all 
respects except that the state of the READY 
line is ignored during the BI cycle. 
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Figure 2-20 illustrates the BI cycle generated in 
response to RST 7.5 when a HALT instruction 
has just been executed and the CPU is in the 
Tuatr State, with its various signals floating. 
There are only two ways the processor can com- 
pletely exit the Tyatr State, as shown in Figure 
2-11. The first way is for RESET to occur, which 
always forces the 8085A to Treser. The second 
way to exit Tarr permanently is for a valid in- 
terrupt to occur, which will cause the CPU to 
disable further interrupts by resetting INTE FF, 
and to then proceed to M, « T,; of the next in- 
struction. When the HOLD input is activated, 
the CPU will exit Tyacr for the duration of THoLb 
and then return to Tyatt- 


In Figure 2-20 the RST 7.5 line is pulsed during 
Tuatt- Since RST 7.5 is a rising-edge-triggered 
interrupt, it will set an internal latch which is 
sampled during CLK = ‘1” of every Tyatt state 
(as well as during CLK = “1” two T states 
before any M, « T;.) The fact that the latched in- 
terrupt was high (assuming that INTE FF = 1 
and the RST 7.5 mask =0) will force the CPU to 
exit the TyaLr state at the end of the next CLK 


period, and to enter M, « T. 


This completes our analysis of the timing of 


each of the seven types of machine cycles. 
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FIGURE 2-20 HALT STATE AND BUS IDLE MACHINE CYCLE 


RST 7.5 TERMINATES Tyatt STATE 
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ss 


2.3.6 HOLD and HALT States 


The 8085A uses the Tyoip state to momentarily 
cease executing machine cycles, allowing ex- 
ternal devices to gain control of the bus and 
peform DMA cycles. The processor internally 
latches the state of the HOLD line and the un- 
masked interrupts during CLK = ‘1” of every 
Tuacrt State. If the internal latched HOLD signal 
is high during CLK = ‘‘1” of any Tyatr State, the 
CPU will exit Tyarr and enter Tyotp on the 
following CLK = “1”. As shown in Figure 2-21 
this will occur even if a valid interrupt occurs 
simultaneously with the HOLD signal. 


The state of the HOLD and the unmasked inter- 
rupt lines is latched internally during CLK = 1 
of each Tyotp State as well as during Tyatt 
states. If the internal latched HOLD signal is 
low during CLK = 1, the CPU will exit Tyotp and 
enter Tyact on the following CLK = 1. 


INTERRUPT 


The 8085A accepts the first unmasked, enabled 
interrupt sampled; thereafter, all interrupt 
sampling is inhibited. The interrupt thus ac- 
cepted will inevitably be executed when the 
CPU exits the HOLD state, even at the expense 
of holding off higher-priority interrupts 
(including TRAP). (See Figure 2-22.) 


When the CPU is not in Tyatt Or THotp, it inter- 
nally latches the HOLD line only during CLK = 
1 of the last state before T3 (T2 or Twait) and dur- 
ing CLK = 1 of the last state before Ts (T, of a 
six T-state M;,). If the internal latched HOLD 
signal is high during the next CLK = 1, the CPU 
will enter Tyo.p after the following clock. When 
the CPU is not in Tyatr or THoto, it will internally 
latch the state of the unmasked interupts only 
during CLK of the next to the last state before 
each M, « T}. 


| INTERRUPTS SAMPLED 
HERE REGARDLESS 


— OF HOLD 


START OF INTERRUPT —~_ 
CYCLE DELAYED 


*SIGNIFIES THAT Ta Tg MAY TAKE PLACE INSIDE THE B08SA EVEN WHILE THE PROCESSOR IS IN A HOLD STATE. BY HOLD 


FIGURE 2-21 HOLD VS INTERRUPT — NON HALT 
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Hou | | 


HLA 


LOW PRIORITY 
INTERRUPT(S) 


HIGH PRIORITY 
INTERRUPTIS) 


See i 


INTERRUPT ACCEPTED HERE CAUSES SAMPLING TO BE INHIBITED — 
INHIBITING HIGHER INTERRUPTS (EVEN TRAP) 


LOW PRIORITY 
INTERRUPT CYCLE 


EXITS HALT 
IMMEDIATELY AFTER 
HOLD REMOVEO 


V 7 


FIGURE 2-22 8085A HOLD VS INTERRUPTS — HALT MODE 


2.3.7 Power On and RESET IN 


The 8085A employs a special internal circuit to 
increase its speed. This circuit, which is called 
a substrate bias generator, creates a negative 
voltage which is used to negatively bias the 
substrate. The circuit employs an oscillator and 
a charge pump which require a certain amount 
of time after POWER ON to stabilize. (See 
Figure 2-23.) 


Taking this circuit into account, the 8085A is 
not guaranteed to work until 10 ms after Vcc 
reaches 4.75V. For this reason, it is suggested 
that RESET IN be kept low during this period. 
Note that the 10 ms period does not include the 
time it takes for the power supply to reach its 
4.75V level — which may be milliseconds in 
some systems. A simple RC network (Figure 3-6) 
can Satisfy this requirement. 


The RESET IN line is latched every CLK = 1. 
This latched signal is recognized by the CPU 
during CLK = 1 of the next T state. (See Figure 
2-24.) If it is low, the CPU will issue RESET OUT 
and enter Tyatt for the next T state. RESET IN 
should be kept low for a minimum of three clock 
periods to ensure proper synchronization of the 
CPU. When the RESET IN signal goes high, the 
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CPU will enter M, + T, for the next T state. Note 
that the various signals and buses are floated in 
Treser aS well as Tyatt and Tyorp. For this 
reason, it is desirable to provide pull-up 
resistors for the main control signals (par- 
ticularly WR). 


Specifically, the RESET IN signal causes the 
following actions: 


RESETS 


PROGRAM COUNTER 

INSTRUCTION REGISTER 

INTE FF 

RST 7.5 FF 

TRAP FF 

SOD FF 

MACHINE STATE FF’s 

MACHINE CYCLE FF’s 

INTERNALLY LATCHED 
FF’s for HOLD, INTR, 
and READY 


SETS 


RST 5.5 MASK 
RST 6.5 MASK 
RST 7.5 MASK 


RESET IN does not explicitly change the con- 
tents of the 8085A registers (A, B, C, D, E, H, L) 
and the condition flags, but due to RESET IN oc- 
curring at a random time during instruction ex- 
ecution, the results are indeterminate. 


FUNCTIONAL DESCRIPTION 


RESET IN 


FIGURE 2-23 POWER-ON TIMING 


RESET IN 


RESET OUT 


WRITE MOOE 


ADo? 


NOTE THAT FROM Tz TO HERE THE 8085's BUS IS IN THE INPUT MODE AND 
IT 1S FLOATING. THE DEVICE DRIVING THE BUS WILL CONTINUE TO DRIVE 
THE BUS UNTIL RO GOES HIGH 


FIGURE 2-24 RESET IN TIMING 
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Following RESET, the 8085A will start executing 
instructions at location 0 with the interrupt 
system disabled, as shown in Figure 2-24. 


Figure 2-24 also shows READ and WRITE opera- 
tions being terminated by a RESET signal. Note 
that a RESET may prematurely terminate any 
READ or WRITE operation in process when the 
RESET occurs. 


2.3.8 SID and SOD Signals: 


Figure 2-25 shows the timing relationship of the 
SID and SOD signals to the RIM and SIM instruc- 
tions. The 8085A has the ability to read the SID 
line into the accumulator bit 7 using RIM instruc- 
tions. The state of the SID line is latched inter- 
nally during T3 « CLK = Oof the RIM instruction. 
Following this, the state of the interrupt pins 
and masks are also transferred directly to the 
accumulator. 


The 8085A can set the SOD flip-flop from bit 7 of 
the accumulator using the SIM instruction. (See 
Figure 2-26.) The data is transferred from the ac- 
cumulator bit 7 to SOD during M, - Tz» CLK = 0 
of the instruction following SIM, assuming that 
accumulator bit 6 is a 1. Accumulator bit 6 is a 
“serial output enable” bit. 


FUNCTIONAL DESCRIPTION 


ACCUMULATOR 
(BIT 7) 


FIGURE 2-25 RELATIONSHIP OF SID AND SOD SIGNALS TO RIM AND SIM INSTRUCTIONS 


EFFECT OF RIM INSTRUCTION EFFECT OF SIM INSTRUCTION 
soD 


Ls VAY. 


ACCUMULATOR 


| LALA 


ACCUMULATOR 


FIGURE 2-26 EFFECT OF RIM AND SIM INSTRUCTIONS 


2.4 COMPARISON OF MCS-80 AND MCS-85 
SYSTEM BUSES 

This section compares the MCS-80 bus with the 
MCS-85 bus. Figure 2-28 details the signals and 
general timing of the two buses; the timing 
diagrams are drawn to the same scale (8080A 
clock cycle = 480 ns and 8085A clock cycle = 
320 ns) to facilitate comparison. 
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MCS-80™ System Bus 


The MCS-80 bus is terminated on one end by the 
CPU-GROUP (consisting of the 8080A, 8224, 
8228) and on the other end by the various 
memory and I/O circuits. The following figure 
shows the major signals of the MCS-80 bus. 


MEMR, MEMW 
ion, iow 


FIGURE 2-27 COMPARISON OF SYSTEM BUSES 


MCS-85™ System Bus 


The MCS-85 bus is terminated on one end by the 
8085A and the other end by various memory and 
VO devices. The MCS-85 bus may be optionally 
de-multiplexed with an 8212 eight bit latch to 
provide an MCS-80 type bus. The following 
figure shows the major signals of the MCS-85 


bus. 
(OPTIONAL) 
Ag Ay 


AaAis 
ADy-AD, 
RO, WR 
10/4, ALE 


HOLD 
HLDA 


READY 
RESET OUT 
cLK 


MCS-80™ System Bus 


SIGNAL(S) FUNCTION 

Ao-Ais The 16 lines of the address 
bus identify a memory or I/O 
location for a data transfer 

: operation. 

Do-D7 - The 8 lines of the data bus 
are used for the parallel 
transfer of data between 
two devices. 

MEMR, MEMW, — These five control lines 

IOR, IOW, INTA (MEMORY READ, MEMORY 


WRITE, I/O READ, I/O WRITE, 
and INTERRUPT ACKNOWL- 
EDGE) identify the type and 
timing of a data transfer 
operation. 


These signals are used for 
the synchronization of slow 
speed memories, system 
reset, DMA, sytem timing, 
and CPU interrupt. 


READY, RESET, 
HOLD, HLDA 
2 (TTL), INT 


FIGURE 2-28 COMPARISON OF SYSTEM BUSES 
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MCS-85™ System Bus 
SIGNAL(S) FUNCTION 


Ags-Ai5 These are the high order 
eight bits of the address, 
and are used to identify a 
memory or I/O location for a 
data transfer cycle. 


These eight lines serve a 
dual function. During the 
beginning of a data transfer 
operation, these lines carry 
the low order eight bits of 
the address bus. During the 
remainder of the cycle, 
these lines are used for the 
parallel transfer of data be- 
tween two devices. 


These signals identify the 
type and timing of a data 
transfer cycle. 


The I(O/MEMORY line iden- 
tifies a data transfer as be- 
ing in the I/O address space 
or the memory address 
space. 


ADDRESS LATCH ENABLE 
enables the latching of the 
Ao-A7 signals. 

These signals are used for 
the synchronization of slow 
speed memories, system 
reset, DMA, system timing 
and CPU interrupt. 


ADo-AD7 


ALE 


READY, RESET 
OUT, HOLD, 
HLDA, CLK, INTR 
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MCS-80™ System Bus 


The basic timing of the MCS-80 BUS for a READ 
CYCLE is as follows: 


0) ® 
ob aaneeneey 
a © © 
Sener ta 

@} a 


EMA, (OR of INTK Y 46) 


The MCS-80 first presents the address @) and 
shortly thereafter the control signal@. The 
data bus, which was in the high impedance 
state, is driven by the selected device @. The 
selected device eventually presents the valid 
data to the processor (@). The processor raises 
the control signal @ , which causes the select- 
ed device to put the data bus in the high impe- 
dance state@. The processor then changes 
the address(@ for the start of the next data 
transfer. 


The basic timing of the MCS-80 BUS for a 
WRITE CYCLE is as follows: 


® 


®_ ® © 


Q@\10238) (O) (6) 


eee eee 


MEM of 1OW 


The MCS-80 first presents the address @), then 
enables the data bus driver@, and later 
presents the data@®. Shortly thereafter, the 
MCS-80 drops the control signal @ for an inter- 
val of time and then raises the signal@. The 
MCS-80 then changes the address@in 
preparation for the next data transfer. The ad- 
vance write signal of the 8238 is also shown). 


MCS-85™ System Bus 


The basic timing of the MCS-85 BUS for a READ 
CYCLE is as follows: 


(OPTIONALLY 
AgA, LATCHED 
SIGNALS) 


RD or INTA 


At the beginning of the READ cycle, the 8085A 
sends out all 16 bits of address@). This is 
followed by ALE@)which causes the lower 
eight bits of address to be latched in either the 
8155/56, 8355, 8755A, or in an external 8212. RD 
is then dropped @ by the 8085A. The data bus is 
then tri-stated by the 8085A in preparation for 
the selected device driving the bus@; the 
selected device will continue to drive the bus 
with valid data, until RD is raised © by the 
8085A. At the end of the READ CYCLE@), the 
address and data lines are changed in prepara- 
tion for the next cycle. 


The basic timing of the MCS-85 BUS for a 
WRITE CYCLE is as follows: 


(OPTIONALLY 
o LATCHED 
Ao SIGNALS) 


The timing of the WRITE CYCLE is identical to 
the MCS-85 READ CYCLE with the exception of 
the AD -AD7 lines. At the beginning of the 
cycle (4), the low order eight bits of address are 
on AD -AD;. After ALE drops, the eight bits of 
data (2) are put on ADy-AD7. They are removed @ 
at the end of the WRITE CYCLE, in anticipation 
of the next data transfer. 


FIGURE 2-28 (Continued) COMPARISON OF SYSTEM BUSES 
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The following observations of the two buses 
can be made: 


1. The access times from address leaving 
the processor to returning data are almost 
identical, even though the 8085A is 
operating 50% faster than the 8080. 
With the addition of an 8212 latch to the 
8085A, the basic timings of the two 
systems are very similar. 

The 8085A has more time for address 
setup to RD than the 8080. 

The MCS-80 has a wider RD signal, but a 
narrower WR signal than the 8085A. 

The MCS-80 provides stable data setup to 
the leading and trailing edges of WR, 
while the 8085 provides stable data setup 
to only the trailing edge of WR. 

The MCS-80 control signals have different 
widths and occur at different points in the 
machine cycle, while the 8085A control 
signals have identical timing. 

While not shown on the chart, the MCS-80 
data and address hold times are adversely 
affected by the processor preparing to 
enter the HOLD state. The 8085A has iden- 
tical timing regardless of entering HOLD. 
Also not shown on the chart is the fact 
that all output signals of the 8085A have 
—400pna of source current and 2.0 ma of 
sink current. The 8085A also has input 
voltage levels of Vi, =0.8V and Vjy = 2.0V. 


CONCLUSION: 


The preceding discussion has clearly shown 
that the MCS-85 bus satisfies the two restric- 
tions of COMPATIBILITY and SPEED. It is com- 
patible because it requires only an 8212 latch to 
generate an MCS-80 type bus. If the four control 
signals MEMR, MEMW, IOR and IOW are 
desired, they can be generated from RD, WR, 
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and !O/M with a decoder or a few gates. The 
MCS-85 bus is also fast. While running at 3MHz, 
the 8085A generates better timing signals than 
the MCS-80 does at 2MHz. Furthermore, the 
multiplexed bus structure doesn’t slow the 
8065A down, because it is using the internal 
states to overlap the fetch and execution por- 
tions of different machine cycles. Finally, the 
MCS-85 can be slowed down or sped up con- 
siderably, while still providing reasonable 
timing. 


TO USE. The RD, WR, and INTA control signals 
all have identical timing, which isn’t affected by 
the CPU preparing to enter the HOLD state. Fur- 
thermore, the address and data bus have good 
setup and hold times relative to the control 
signals. The voltage and current levels for the 
interface signals will all drive buses of up to 40 
MOS devices, or 1 schottky TTL device. 


The MCS-85 system bus is also EFFICIENT. Effi- 
ciency is the reason that the lower eight ad- 
dress lines are multiplexed with the data bus. 
Every chip that needs to use both Ag-A7 and Do- 
D7 saves 7 pins (the eighth pin is used for ALE) 
on the interface to the processor. That means 
that 7 more pins per part are available to either 
add features to the part or to use a smaller 
package in some cases. In the three chip 
system shown in Figure 3-6, the use of the 
MCS-85 bus saves 3 x 7 = 21 pins, which are 
used for extra I/O and interrupt lines. A further 
advantage of the MCS-85 bus is apparent in 
Figure 3-7, which shows a printed circuit layout 
of the circuit in Figure 3-6. The reduced number 
of pins and the fact that compatible pinouts 
were used, provides for an extremely compact, 
simple, and efficient printed circuit. Notice that 
great care was taken when the pinouts were 
assigned to ensure that the signals would flow 
easily from chip to chip to chip. 


CHAPTER 3 


System Operation a 
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CHAPTER 3 
SYSTEM OPERATION AND INTERFACING 


3.1. INTERFACING TO THE 8085A 


The 8085A interfaces to both memory and I/O 
devices by means of READ and WRITE machine 
cycles, the timing of which are identical. During 
each machine cycle the 8085A issues an address 
and a control signal, then either sends data out on 
the bus or reads data from the bus. The 8085A may 
be performing a READ machine cycle, but what 
It reads could be a ROM, RAM, I/O device, periph- 
eral device, or nothing. 


There is no distinction between data, instruction 
opcodes, and I/O port numbers except the way the 
CPU interprets what it reads from the bus. If an op- 
code is what would logically appear on the bus, the 
CPU will treat as an opcode whatever does appear 
there; if an I/O port number‘is to be expected, what 
appears will be interpreted as a port number. The 
same is true for a WRITE cycle. The 8085A issues 
an address, data, and a control signal. Unless it is 
requested to WAIT (by use of the READY line) it will 
complete the cycle and proceed to the next. Regard- 
less of whether there is a device present to accept 
the data, the CPU executes one instruction at a 
time, in sequence, until told to do otherwise. The 
program controls the sequence and nature of all 
machine cycles until an interrupt occurs. 


There are two ways of addressing I/O devices in the 
MCS-85 system. If the 1O/M output from the CPU is 
used to distinguish between I/O and memory 
READ and WRITE cycles, then that system is said 
to employ standard, or |/O-mapped, I/O. If IO/M is 
not so used, the CPU does not distinguish between 
lO and memory, and its system employs memory- 
mapped I/O. Each method of addressing I/O has ad- 
vantages and disadvantages. 


3.2 MEMORY-MAPPED I/O 
3.21 Advantages of Memory-Mapped VO 


Since the processor doesn't distinguish I/O from 
memory using this addressing scheme, you can 
take advantage of the larger instruction set that 
references the memory address space. Instead of 
only being able to transfer a byte of data between 
the accumulator and the I/O port (using INPUT and 
OUTPUT instructions), you can now program 
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arithmetic and logic operations on port data as well 
as move data between any internal register and the 
/O port. Consider the new meaning of the following 
instructions: 


Examples: 

MOVr,M (Input Port to any Register) 
MOV M,r (Output any Register to Port) 
MVI M (Output immediate data to Port) 
LDA (Input Port to ACC) 

STA (Output from ACC to Port) 
LHLD (16-Bit Input) 

SHLD (16-Bit Output) 

ADD M (Add Port to ACC) 

ANA M (AND Port with ACC) 


3.22 Disadvantages of Memory-Mapped I/O 


While memory instructions may increase the flex- 
ibility of the I/O system, there are some drawbacks. 
Since I/O devices are now addressed as memory, 
there are fewer addresses available for memory. A 
common practice is to use address bit 15 (A;5) to 
distinguish memory from I/O. (See Figure 3-2 and 
accompanying discussion.) If Aj; =0 then memory 
is being addressed; if Ajs=1, VO is being ad- 
dressed. This particular scheme limits the max- 
imum amount of memory that can be used to 32k 
bytes. A further disadvantage of memory-mapped 
1/0 is that it takes 3 bytes of instruction and 13 
clock cycles using the LDA or STA instructions 
to specify moving a byte of data between the ac- 
cumulator and an I/O device, whereas the INPUT 
and OUTPUT Instructions require only two bytes 
and 10 clock cycles. This is because the I/O ad- 
dress space Is smaller (only 256 bytes) and there- 
fore requires fewer bits to completely specify 
an address. A futher advantage of using the IN- 
PUT and OUTPUT Instructions Is that it allows 
the easy connection of the MCS-80 peripherals 
to the MCS-85 multiplexed bus. If you memory- 
map the MCS-80 peripherals to the MCS-85 bus, 
you must either latch the lower address bits 
with an 8212 or use a portion of the memory ad- 
dress space by connecting the chip selects and 
address lines of the ports to the unmultiplexed 
upper eight lines of the address bus. 
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3.3. ADDRESS ASSIGNMENT 
3.3.1 Decoding 


Besides memory-mapped I/O, another practice 
is to only partially decode the address bus 
when generating chip selects. Every device has 
a given number of unique addresses associated 
with it. The 8355, for instance, has 2k bytes of 
ROM and therefore has 2k addresses associated 
with the ROM. Any one of these 2k addresses 
can be uniquely specified by a pattern on the 11 
(211 = 2k) address lines. However, since the 8355 
must work with other devices in a system, it 
isn’t enough to simply specify the 11 bits; fur- 
ther bits of information must be used to locate 
the 2k bytes within the 65k address space. The 
2k bytes are located by the use of chip enable 
(CE) inputs to the 8355 chip. If the 8355 were to 
occupy the first 2k bytes of the memory address 
space, it would, strictly speaking, be necessary 
to decode the fact that A1s-A;, were all zeroes, 
and use that condition as a chip enable. Then 
the 8355 would be selected only when the ad- 
dress bus was less than 2k. 


However, if other 2k blocks of addresses aren't 
being used, you may combine those addresses 
and not decode all of the upper five address 
lines for chip enables. In fact, in a small system 
you may need to decode only one bit of address, 
which is to say connect that bit of the address 
bus to the chip enable line of the 8355. If you 
connect Aj; to the CE line of the 8355 and tie CE 
to Vcc, then the 8355 would be selected when- 
ever the memory address was less than 2k. (See 
Figure 3-1A.) 


However, it will also be selected whenever 
memory locations 4k-6k, 8k-10k, 61k-63k (i.e., 
whenever bit A,;=0) is addressed. If the pro- 
grammer is aware of this, and if there are no 
other devices assigned to the other address 
spaces, then It may be an acceptable condition. 
Care must be taken, however, to ensure that at 
no time will two different devices be selected 
simultaneously. Whenever one device is 
selected, that memory address must deselect 
all other devices. If two devices are selected 
simultaneously for a READ operation, the elec- 
trical conflict on the bus may damage one or 
both parts. Note also that the address bus may 
reflect an undesired address during Ts, Tg of an 
opcode fetch cycle and during address bus 
transitional periods in T, (this is illustrated in 
Chapter 2). Therefore, all memory and_I/O 
devices must qualify their selection with RD or 
WR, or the address on the bus at the falling 
edge of the ALE, so as to Ignore all spurious ad- 
dresses. 
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3.3.2 Linear Selection 


Using an address bit as a chip select is referred 
to as linear selection. The direct consequence 
of linear selection is that you cut the available 
address space in half for each single address 
bit used as a chip enable. If this penalty is too 
high, you can always use an 8205 one-of-eight 
decoder. Also, some chips have multiple chip 
enables, which allows for some automatic 
decoding of the address. (See Figures 3-1B and 
3-1C.) 

One drawback to linear selection is that the 
memory addresses of the different parts are not 
contiguous. For example, if three 8355s are ad- 
dressed using linear selection, one might be 
located at 0-2k, the next at 6k-8k, and the next at 
10k-12k. The programmer must recognize these 
page boundries and jump over them. 


3.4 INTERFACING TO THE 8155/8156, 
8355/8755A 


3.4.1. I/O Mapped I/O: 


This section describes some of the techniques 
involved in connecting the MCS-85 combination 


memory and I/O chips to the 8085A as 1I/O 
devices. 


Figure 3.1A shows one 8355 connected to the 
8085A bus. (In the interest of simplicity, only the 
chip enable and IO/M lines are shown; the other 
lines are connected as shown in Figures 3.6, 3.7 
or 3.8.) Notice that CE is tied to Vcc and CE is 
connected to A1;. This is because after RESET 
the processor always starts executing at loca- 
tion 0. Since the ROM normally contains the 
program, it must be selected when the address 
is all zeroes. 


One consequence of the ROM being selected 
by an all-zero address is that the I/O ports on 
the chip will be selected only when Aj; =0. This 
is because the I/O ports and the memory have 
common chip enables, therefore forcing the 
selection conditions of one onto the other. Fur- 
thermore, since the |O/M line of the chip is con- 
nected to the IO/M line of the 8085A, the port 
has I/O mapped I/O. The I/O ports can be ac- 
cessed only by use of the INPUT and OUTPUT 
instructions; since these are the only instruc- 
tions that cause IO/M to go high. 


The boxes to the right of the chip in Figure 3.1A 
indicate the memory addresses and I/O Port 
numbers required to access the chip. As a 
result of the linear selection technique used, 
there are many “don’t care” bits (marked by 
“X’'s) in the address. While they don’t affect the 
addressing of this device, they may affect other 
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devices in the system, which would force them 
to be either ones or zeroes. Remember that two 
devices may not be selected simultaneously; 
thus each device must have an address that not 
only selects itself, but also deselects all other 
devices. If there are any bits which are truly 
“don’t cares,” they are customarily assigned to 
be zero. If all the “X" bits in Figure 3.1A were 
“don't cares,” then the chip could be addressed 
as memory locations 0-2k, and I/O Ports 0-3. 


Figure 3.1B shows a slightly larger system of 
two 8355s and one 8156. Notice that 8355 No. 1 
uses its two chip enable lines to decode A,2=1, 
A;,=0. It is possible to address each of the 
chips without selecting any of the others. Also 
notice that there are some illegal addresses 
(e.g., Ay2=0, Ay, =1) that would cause two of 
the devices to turn on simultaneously. The pro- 
grammer must not use these addresses. 


Figure 3.1C shows a larger MCS-85 system. Two 
8205s are used to completely decode the ad- 
dresses. There are some interesting points to 
observe here. First, while some of the devices 
have multiple possible address (i.e., they have 
some “don’t care” bits), there aren’t any ad- 
dresses which can cause simultaneous selec- 
tion of two or more parts. Second, the I/O and 


memory portions of the 8x55 components share 
chip enables, so they are forced to live with 
each other’s constraints. Third, only one 8205 is 
required per eight chips for the decoding; that's 
an overhead of only 1/8 of a chip per part. 


Figure 3.1D shows a remedy to the problem il- 
lustrated in Figure 3.1C, namely that /O and 
memory portions of the chip are forced to live 
with each other’s chip enable constraints. By 
using a quad 2 to 1 multiplexer, the chip enables 
of the I/O and memory portions of four chips 
can be independently assigned. 


3.4.2 Memory-Mapped I/O: 


Figure 3.2A shows an 8355 connected to the 
8085A. Since the IO/M pin of the 8355 is con- 
nected to Ays, whenever A415 = 1 the I/O ports will 
be accessed. While A,5 could be set to 1 either 
by a memory or by an I/O instruction, in this 
situation the port is usually accessed only by 
the memory instructions. You may access ports 
either as memory locations (where A s=1 
refers to a memory address of 32k or higher) or 
as I/O ports (where Ayg=1 refers to an I/O ad- 
dress of 128 or higher, since bits Ag-Ais5 are a 
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replication of bits Ag-A7). Assuming that 
memory-mapped I/O is used, the addresses are 
shown in the boxes to the right in Figure 3-2. If 
you want to be sure that neither the I/O nor the 
memory is ever selected by any INPUT or OUT- 
PUT instruction, then the chip enable must be 
conditioned by |O/M =0. 


Figure 3.2B shows a somewhat larger system, 
also using memory-mapped I/O. As in Figure 
3.1B care must be exercised to ensure that no 
two devices are accessed simultaneously. You 
can see that considerable memory address 
space is used up as a result of using memory- 
mapped I/O. 


3.5 INTERFACING TO MCS-80™ PERIPHERALS 
3.5.1 I/O Mapped I/O: 


For want of a better name, the Intel® 825x, 827x, 
and 829x series peripherals are referred to here 
as MCS-80 peripherals because unlike the 8155/ 
56, 8355 and 8755A, they are compatible with 
the nonmultiplexed MCS-80 system bus. 


To interface to an MCS-80 peripheral, you must 
provide a constant address, a chip select, and 
RD or WR. Since the upper address lines (Ag-A15) 
of the 8085A are nonmultiplexed, they can be 
tied directly to the peripherals, as shown in 
Figure 3.3A. To provide I/O mapped I/O, use 
either linear selection (keeping the I/O and 
memory addresses noncoincidental), or condi- 
tion the chip selects WR with |O/M =1. Figure 
3.3A shows a technique of gating the chip 
selects with |O/M=1, using an 8205. This 
technique also allows more I/O devices to be 
used than linear selection would. Note that this 
technique relies on the fact that the I/O Port 
number is copied onto Ag-Ais as well as Ag-A7 
during an INPUT or OUTPUT instruction. 


Figure 3.3B shows an alternative approach to 
interfacing to MCS-80 components. By latching 
the lower 8 bits of address with an 8212, and 
decoding the control signals with an 8205, you 
create an exact copy of the MCS-80 (8080A, 
8224, 8228) bus. You may then use whatever cir- 
cuits have been previously developed for the 
8080. The total cost is one 8212 and one 8205. 
Since the same signals might have needed buf- 
fering anyway (and the 8212 and 8205 provide 
buffering of their outputs), the extra component 
overhead ranges from little to nothing. 


3.5.2 Memory-Mapped I/O: 


Exactly the same techniques used to memory 
map the MCS-85 apply to the MCS-80 I/O devices. 
Figure 3.4 shows an 8205 used to qualify the 
chip select of the I/O device with |O/M =0. Since 
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the MCS-80 peripherals require nonmultiplexed 
address lines, linear select is not too useful 
unless the address lines are latched. This is 
because connecting both the chip selects and 
the address lines of the MCS-80 peripherals to 
As-A1s would deplete all the useful addresses 
very quickly. 

3.6 INTERFACING TO STANDARD BUS 
MEMORIES 


Standard bus memory devices are designed to 
be used with nonmultiplexed address and data 
buses. Interfacing to standard memories is very 
similar to interfacing to MCS-85 memories with 
the exception that Ag-A7 must be latched. Once 
this requirement is met, all the tricks discussed 
earlier can be used. Since the address lines 
would eventually require buffering as the 
system size grew, the overhead of the 8212 
latch again becomes negligible. 


Figure 3.5 shows the interface of the 8085A toa 
large block of memory, specifically 16k bytes of 
ROM and 8k bytes of RAM. Besides the 
memories, the circuit requires only 2-1/6 other 
parts for logical gating. If MCS-80 I/O parts were 
used, the 8212 latch could be shared between 
the two groups, further reducing the gating 
overhead per IC. Sixteen 2142 chips and eight 
2316E chips are used in this design. The data 
bus, address lines 8-10, and control signals in 
this system all should be buffered. This applies 
to any system with the number of memory 
devices represented here. 


Wherever two or more parts are paralleled on 
the same bus, they must be 3-state devices 
such as the 2142 RAM, 2316E ROM, 2716 
EPROM, 2332 ROM, 2732 EPROM, and 2364 
ROM, which have either an output disable (OD) 
input or multiple chip select (CS) inputs. To pre- 
vent bus contention, only one memory device 
may be output-enabled at a time in this con- 
figuration; the outputs of all others must be 
deselected during AD. 


For additional information on interfacing stan- 
dard memory devices, please read Section 2 of 
Appendix | and the Intel applications note AP-30 
“Application of Intel's 5V EPROM and ROM 
Family for Microprocessor Systems” available 
from: Intel, Literature Dept., 3065 Bowers Ave., 
Santa Clara, CA 95051. aw 


3.7. DYNAMIC RAM INTERFACE: * 


For interfacing the dynamic RAM, Intel makes a 
single-component dynamic RAM refresh con- 
troller, the 8202, which interfaces the 8085A to 
multiplexed-address-bus dynamic RAMs like 
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the Intel 2104A and 2117. The 8202 provides the 
necessary refreshing for such dynamic RAMs, 
and also provides the control signals required 
for accessing, selecting, and address clocking. 
It allows for the use of the 8085A’s full capabili- 
ty of 64k bytes of address space with no addi- 
tional buffering devices. As with other standard 
memory interfaces, it is necessary to demulti- 
plex the lower 8 bits of address from the multi- 
plexed 8085A bus, ADo.7. 


3.8 MINIMUM MCS-85™ SYSTEM 


The Schematics of Figure 3.6 depict a minimum 
system core. In actual use, some of the pro- 
cessor control signals (TRAP, INTR, and HOLD) 
would have to be terminated. Also, interface 
logic to external devices as well as more 
memory and I/O devices may be desirable. The 
first thing one notices about the system in 
Figure 3.6 is the scarcity of parts required to 
build this system. With a minimum of parts, we 


have constructed a microcomputer system that 
has the following functions: 


PARTS FUNCTIONS 

1 8085A 1 CPU (Clock cycle 

1 8355/8755A = 320 ns) 

18156 2048 Bytes of either 

1 Crystal EPROM or ROM 

4 Resistors 256 Bytes of RAM 

1 Capacitor 38 I/O Lines 

1 Diode 5 Interrupts 

1 +5 Power Supply 1 Programmable Timer! 
Counter 
1 Crystal and Oscillator 
1 Clock 


1 Power-on Reset 


By looking at the printed circuit layout of Figure 
3.7, we can see that not only are there just 3 ICs, 
but that the interconnection of these parts is 
extremely easy and provides a very dense 
layout. Expecially notice the easy flow of the 
system bus on the solder side of the board. 
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3.9 EXPANDED MCS-85™ SYSTEM 


Figure 3.8 shows the circuit Figure 3.6 expand- 
ed to its maximum size without the use of any 
extra logic. In an extremely small board area we 
can fit: 


PARTS FUNCTION 

1 8085A 1 CPU (Clock cycle 

3 8355/8755A = 320 ns) 

2 8156 6144 Bytes ROM/EPROM 

1 Crystal 512 Bytes RAM 

4 Resistors 76 I/O Lines 

1 Capacitor 5 Interrupts 

1 Diode 2 Programmable Timer/ 
Counters 


2 Serial I/O Lines 

1 Crystal and Oscillator 
1 Clock 

1 Power-on Reset 


3.10 MCS-85 SYSTEM WITH 8185 


The 8185 1K-byte static RAM chip is another 
multiplexed-bus component that insures that 
the most highly integrated systems can be built 
with MCS-85 components. Figure 3.9 shows a 
4-chip MCS-85 system schematic with the 
following characteristics: 


PARTS FUNCTION 

1 8085A 1 CPU 

1 8185 2048 Bytes ROM/EPROM 
1 8156 1280 Bytes RAM 

1 8355/8755A 38 1/0 Lines 


5 Interrupts 
1 Timer/Counter 
2 Serial I/O Lines 


The 8185 also has power-down capability. By 
connecting CE: to |O/M from the 8085A the 8185 
will be powered down during I/O operations and 
Interrupt Acknowiedge cycles. 
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CHAPTER 4 


THE INSTRUCTION SET 


4.1. WHAT THE INSTRUCTION SET IS 


A computer, no matter how sophisticated, can 
do only what it is instructed to do. A program is 
a sequence of instructions, each of which is 
recognized by the computer and causes it to 
perform an operation. Once a program is placed 
in memory space that is accessible to your 
CPU, you may run that same sequence of in- 
structions as often as you wish to solve the 
same problem or to do the same function. The 
set of instructions to which the 8085A CPU will 
respond is permanently fixed in the design of 
the chip. 


Each computer instruction allows you to ini- 
tiate the performance of a specific operation. 
The 8085A implements a group of instructions 
that move data between registers, between a 
register and memory, and between a register 
and an I/O port. It also has arithmetic and logic 
instructions, conditional and unconditional 
branch instructions, and machine control in- 
structions. The CPU recognizes these instruc- 
tions only when they are coded in binary form. 


4.2 SYMBOLS AND ABBREVIATIONS: 


The following symbols and abbreviations are 
used in the subsequent description of the 
8085A instructions: 


SYMBOLS MEANING 

accumulator Register A 

addr 16-bit address quantity 

data 8-bit quantity 

data 16 16-bit data quantity 

byte 2 The second byte of the instruc- 
tion 

byte 3 The third byte of the instruc- 
tion 

port 8-bit address of an I/O device 

rrir2 One of the registers A,B,C, 
D,E,H,L 


“All mnemonics copyrighted ©intel Corporation 1976. 
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DDD,SSS 


rp 


RP 


rh 


rl 


The bit pattern designating 
one of the registers A,B,C,D, 
E,H,L (DDD =destination, 
SSS = source): 
DDD or REGISTER 
Sss NAME 


111 
000 
001 
010 
011 
100 
101 


One of the register pairs: 


B represents the B,C pair with 
B as the high-order register 
and C as the low-order 
register; 

D represents the D,E pair with 
D as the high-order register 
and E as the low-order 
register; 


H represents the H,L pair with 
H as the high-order register 
and L as the low-order 
register; 

SP represents the 16-bit stack 
pointer register. 


-H-rImoowy 


The bit pattern designating 
one of the register pairs 
B,D,H,SP: 


REGISTER 
RP PAIR 
00 B-C 
01 D-E 
10 H-L 
11 SP 


The first (high-order) register 
of a designated register pair. 
The second (low-order) 


register of a designated 
register pair. 
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PG 16-bit program counter 
register (PCH and PCL are 
used to refer to the high-order 
and low-order 8 bits respec- 
tively). 

SP 16-bit stack pointer register 
(SPH and SPL are used to refer 
to the high-order and low-order 
8 bits respectively). 

tm Bit m of the register r (bits are 
number 7 through 0 from left 
to right). 

LABEL 16-bit address of subroutine. 
The condition flags: 

Zz Zero 

S) Sign 

P Parity 

CY Carry 

AC Auxiliary Carry 

() The contents of the memory 
location or registers enclosed 
in the parentheses. 

- “Is transferred to” 

A Logical AND 

a Exclusive OR 

A Inclusive OR 

+ Addition 


- Twos complement subtraction 
Multiplication 

“Is exchanged with” 

The ones complement (e.g., (A)) 
n The restart number 0 through 7 


The binary representation 000 
through 111 for restart number 
0 through 7 respectively. 


The instruction set encyclopedia is a detailed 
description of the 8085A instruction set. Each 
instruction is described in the following man- 
ner: 


1. The MCS-85 macro assembler format, con- 
sisting of the instruction mnemonic and 
operand fields, Is printed in BOLDFACE on 
the first line. 


2. The name of the instruction is enclosed in 
parentheses following the mnemonic. 


3. The next lines contain a symbolic description 
of what the instruction does. 


4. This is followed by a narrative description of 
the operation of the instruction. 


*All mnemonics copyrighted ©Intel Corporation 1976. 
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5. The boxes describe the binary codes that 
comprise the machine instruction. 

6. The last four lines contain information about 
the execution of the instruction. The number 
of machine cycles and states required to ex- 
ecute the instruction are listed first. If the in- 
struction has two possible execution times, 
as in a conditional jump, both times are 
listed, separated by a slash. Next, data ad- 
dressing modes are listed if applicable. The 
last line lists any of the five flags that are af- 
fected by the execution of the instruction. 


4.3 INSTRUCTION AND DATA FORMATS 


Memory used in the MCS-85 system is organ- 
ized in &bit bytes. Each byte has a unique location in 
physical memory. That location is described by one of 
a sequence of 16-bit binary addresses. The 8085A can 
address up to 64K (K = 1024, or 210; hence, 64K 
represents the decimal number 65,536) bytes of 
memory, which may consist of both random-access, 
read-write memory (RAM) and read-only memory 
(ROM), which is also random-access. 


Data in the 8085A is stored in the form of 8-bit 
binary integers: 


DATA WORD 


D7 De Ds D4 D3 Dz Dy Do 


MSB LSB 


When a register or data word contains a binary 
number, it is necessary to establish the order in which 
the bits of the number are written. In the Intel 8085A, 
BIT Ois referred to as the Least Significant Bit (LSB), 
and BIT 7 (of an 8-bit number) is referred to as the 
Most Significant Bit (MSB). 


An 8085A program instruction may be one, two or 
three bytes in length. Multiple-byte instructions must 
be stored in successive memory locations; the address 
of the first byte is always used as the address of the in- 
Struction. The exact instruction format will depend 
on the particular operation to be executed. 


Single Byte Instructions 


D7 Do| Op Code 
Two-Byte Instructions 
Byte 
One D7 Do Op Code 
Byte Data or 
Two | 27 Do| address 
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Three-Byte Instructions 


Byte 

One D7 Do| Op Code 

Byte 

Two | 27 Do!) Data 
or 

Byte Address 

Three | 97 Do 


4.4 ADDRESSING MODES: 


Often the data that is to be operated on is stored in 
memory. When multi-byte numeric data is used, the 
data, like instructions, is stored in successive memory 
locations, with the least significant byte first, follow- 
ed by increasingly significant bytes. The 8085A has 
four different modes for addressing data stored in 
memory or in registers: 


e Direct — Bytes 2 and 3 of the instruction 
contain the exact memory ad- 
dress of the data item (the low- 
order bits of the address are in 
byte 2, the high-order bits in 
byte 3). 

e Register — The instruction specifies the 
register or register pair in which 
the data is located. 


Indirect — The _ instruction 
specifies a register pair which 
contains the memory address 
where the data is located (the 
high-order bits of the address 
are in the first register of the 
pair the low-order bits in the 
second). 


e Immediate — The instruction contains 
the data itself. This is either an 
8-bit quantity or a 16-bit quanti- 
ty (least significant byte first, 
most significant byte second). 


Unless directed by an interrupt or branch in- 
stitution, the execution of instructions pro- 
ceeds through consecutively increasing 
memory locations. A branch instruction can 
specify the address of the next instruction to be 
executed in one of two ways: 


¢ Direct — The branch instruction contains 
the address of the next instruc- 
tion to be executed. (Except for 
the ‘RST’ instruction, byte 2 
contains the low-order address 
and byte 3 the high-order ad- 
dress.) 


e Register 
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e Register Indirect — The branch instruc- 
tion indicates a _ register-pair 
which contains the address of 
the next instruction to be ex- 
ecuted. (The high-order bits of 
the address are in the first 
register of the pair, the low- 
order bits in the second.) 


The RST instruction is a special one-byte call in- 
Struction (usually used during interrupt se- 
quences). RST includes a three-bit field; pro- 
gram control is transferred to the instruction 
whose address is eight times the contents of 
this three-bit field. 


4.5 CONDITION FLAGS: 


There are five condition flags associated with 
the execution of instructions on the 8085A. 
They are Zero, Sign, Parity, Carry, and Auxiliary 
Carry. Each is represented by a 1-bit register (or 
flip-flop) in the CPU. A flag is set by forcing the 
bit to 1; it is reset by forcing the bit to 0. 
Unless indicated otherwise, when an instruc- 
tion affects a flag, it affects it in the following 
manner: 

Zero: If the result of an instruction 
has the value 0, this flag is set; 
otherwise it is reset. 


If the most significant bit of the 
result of the operation has the 
value 1, this flag is set; other- 
wise it is reset. 


If the modulo 2 sum of the bits 
of the result of the operation is 
0, (i.e., if the result has even 
parity), this flag is set; other- 
wise it is reset (i.e., if the result 
has odd parity). 


If the instruction resulted in a 
carry (from addition), or a bor- 
row (from subtraction or a com- 
parison) out of the high-order 
bit, this flag is set; otherwise it 
is reset. 


Auxiliary Carry: If the instruction caused a 
carry out of bit 3 and into bit 4 
of the resulting value, the aux- 
iliary carry is set; otherwise it Is 
reset. This flag is affected by 
single-precision additions, sub- 
tractions, increments, decre- 
ments, comparisons, and logl- 
cal operations, but is principal- 
ly used with additions and in- 
crements preceding a DAA 
(Decimal Adjust Accumulator) 
instruction. 


Sign: 


Parity: 


Carry: 
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4.6 INSTRUCTION SET ENCYCLOPEDIA 


In the ensuing dozen pages, the complete 
8085A instruction set is described, grouped in 
order under five different functional headings, 
as follows: 


1. Data Transfer Group — Moves data be- 
tween registers or between memory 
locations and registers. Includes moves, 
loads, stores, and exchanges. (See 
below.) 


sithmetic Group — Adds, subtracts, in- 
crements, or decrements data in 
registers or memory. (See page 4-13.) 


. Logic Group — ANDs, ORs, XORs, com- 
pares, rotates, or complements data in 
registers or between memory and a 
register. (See page 4-16.) 

. Branch Group — Initiates conditional or 
unconditional jumps, calls, returns, and 
restarts. (See page 4-20.) 


Stack, 1/0, and Machine Control Group 
— Includes instructions for maintaining 
the stack, reading from input ports, 
writing to output ports, setting and 
reading interrupt masks, and setting and 
clearing flags. (See page 4-22.) 


The formats described In the encyclopedia 
reflect the assembly language processed by 
Intel-supplied assembler, used with the Intellec® 
development systems. 


4.6.1 Data Transfer Group 


This group of instructions transfers data to and 
from registers and memory. Condition flags are 
not affected by any instruction in this group. 


MOV ri, r2 (Move Register) 

(r1) — (r2) 
The content of register r2 is moved to 
register r1. 

Cycles: 1 

States: 4 

Addressing: register 
Flags: none 
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MOV r, M (Move from memory) 
(r) — ((H) (L)) ; 
The content of the memory location, whose 
address is in registers H and L, is moved to 


register r. 
Cycles: 2 
States: 7 
Addressing: reg. indirect 
Flags: none 
MOV M,r (Move to memory) 


((H)) (LY) — (1) 

The content of register r is moved to the 
memory location whose address is in 
registers H and L. 


Cycles: 2 
States: 7 
Addressing: reg. indirect 
Flags: none 


MVI r, data (Move Immediate) 
(r) — (byte 2) 
The content of byte 2 of the instruction is 
moved to register r. 


Cycles: 2 
States: 7 
Addressing: immediate 
Flags: none 


MVI M, data (Move to memory immediate) 
((H) (L)) — (byte 2) 
The content of byte 2 of the instruction is 
moved to the memory location whose ad- 
dress is in registers H and L. 


Addressing: 
Flags: 


immed./reg. indirect 
none 
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LXI rp, data 16 (Load register pair immediate) 
(rh) — (byte 3), 
(rl) — (byte 2) 
Byte 3 of the instruction is moved into the 
high-order register (rh) of the register pair 
rp. Byte 2 of the instruction is moved into 
the low-order register (rl) of the register pair 
rp. 


; low-order data 
high-order data 


Cycles: 
States: oh 
Addressing: immediate 
Flags: none 


LDA addr (Load Accumulator direct) 
(A) — ((byte 3)(byte 2)) 
The content of the memory location, whose 
address is specified in byte 2 and byte 3 of 
the instruction, is moved to register A. 


0 0 1 1 1 0 1 (¢) 
low-order addr 
high-order addr 


Cycles: 
States: i 
Addressing: direct 
Flags: none 


STA addr (Store Accumulator direct) 
((byte 3)(byte 2)) — (A) 
The content of the accumulator is moved to 
the memory location whose address is 
specified in byte 2 and byte 3 of the instruc- 
tion. 


low-order addr 
high-order addr 


Cycles: 
States: ‘3 
Addressing: direct 
Flags: none 
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LHLD addr (Load H and L direct) 
(L)—((byte 3)(byte 2)) 
(H)—((byte 3)(byte 2)+ 1) 
The content of the memory location, whose 
address is specified in byte 2 and byte 3 of 
the instruction, is moved to register L. The 
content of the memory location at the suc- 
ceeding address is moved to register H. 


low-order addr 
high-order addr 


Cycles: 
States: 18 
Addressing: direct 
Flags: none 


SHLD addr (Store H and L direct) 
((byte 3)(byte 2))—(L) 
((byte 3)(byte 2)+ 1)—(H) 
The content of register L is moved to the 
memory location whose address is 
specified in byte 2 and byte 3. The content 
of register H is moved to the succeeding 
memory location. 


0 0 1 0 0 0 1 0 
low-order addr 
high-order addr 


Cycles: 
States: 16 
Addressing: direct 
Flags: none 


LDAX rp 
(A) — ((rp)) 
The content of the memory location, whose 
address is in the register pair rp, is moved 
to register A. Note: only register pairs 
rp=B (registers B and C) or rp=D 
(registers D and E) may be specified. 


(Load accumulator indirect) 


Cycles: 2 
States: 7 
Addressing: reg. indirect 
Flags: none 


STAX rp 
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(Store accumulator indirect) 
((rp)) — (A) 

The content of register A is moved to the 
memory location whose address is in the 
register pair rp. Note: only register pairs 
rp=B (registers B and C) or rp=D 
(registers D and E) may be specified. 


Cycles: 2 
States: 7 
Addressing: reg. indirect 
Flags: none 
XCHG (Exchange H and L with D and E) 
(H) — (0) 
(L) = (E) 


The contents of registers H and L are ex- 
changed with the contents of registers D 
and E. 


Cycles: 1 
States: 4 
Addressing: register 
Flags: none 


4.6.2 Arithmetic Group 


This group of instructions performs arithmetic 
operations on data in registers and memory. 


. Unless Indicated otherwise, all instructions in 
this group affect the Zero, Sign, Parity, Carry, 
and Auxiliary Carry flags according to the stan- 


dard rules. 


All subtraction operations are performed via 
two’s complement arithmetic and set the carry 
flag to one to indicate a borrow and clear it to 


indicate no borrow. 


ADDr 


(Add Register) 

(A) — (A) + (1) 

The content of register r is added to the 
content of the accumulator. The result is 
placed in the accumulator. 


Cycles: 1 
States: 4 
Addressing: register 
Flags: Z,S,P,CY,AC 
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ADD M 


(Add memory) 

(A) — (A) + ((H) (L)) 

The content of the memory location whose 
address is contained in the H and L 
registers is added to the content of the ac- 
cumulator. The result is placed in the ac- 
cumulator. 


1 0 0 0 0 1 1 0 


Cycles: 2 

States: 7 
Addressing: reg. indirect 
Flags: Z,S,P,CY,AC 


ADI data 


(Add immediate) 


(A) — (A) + (byte 2) : 
The content of the second byte of the in- 
struction is added to the content of the ac- 
cumulator. The result is placed in the ac- 
cumulator. 


Cycles: 2 
States: 7 
Addressing: immediate 
Flags: Z,S,P,CY,AC 


ADCr 


(Add Register with carry) 
(A) — (A) + (r) + (CY) 


The content of register r and the content of 
the carry bit are added to the content of the 
accumulator. The result is placed in the ac- 


cumulator. 


Cycles: 1 
States: 4 
Addressing: register 
Flags: Z,S,P,CY,AC 
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ADC M (Add memory with carry) 
(A) — (A) + ((H) (L)) + (CY) 
The content of the memory location whose 
address is contained in the H and L 
registers and the content of the CY flag are 
added to the accumulator. The result is 
placed in the accumulator. 


Cycles: 2 

States: 7 
Addressing: reg. indirect 
Flags: Z,S,P,CY,AC 


ACI data (Add immediate with carry) 
(A) — (A) + (byte 2) + (CY) 
The content of the second byte of the in- 
struction and the content of the CY flag are 
added to the contents of the accumulator. 
The result is placed in the accumulator. 


Cycles: 2 
States: 7 
Addressing: immediate 
Flags: Z,S,P,CY,AC 


SUBr (Subtract Register) 
(A) — (A) — (r) 
The content of register r is subtracted from 
the content of the accumulator. The result 
is placed in the accumulator. 


Cycles: 1 
States: 4 
Addressing: register 
Flags: Z,S,P,CY,AC 
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SUB M (Subtract memory) 
(A) — (A) — ((H) (L)) 
The content of the memory location whose 
address is contained in the H and L 
registers is subtracted from the content of 
the accumulator. The result is placed in the 
accumulator. 


1 0 0 1 0 1 1 0 


Cycles: 2 
States: 7 
Addressing: reg. indirect 


Flags: Z,S,P,CY,AC 


SUI data (Subtract immediate) 


(A) — (A) — (byte 2) 

The content of the second byte of the in- 
struction is subtracted from the content of 
the accumulator. The result is placed in the 
accumulator. 


Cycles: 2 
States: 7 
Addressing: immediate 
Flags: Z,S,P,CY,AC 


SBBr (Subtract Register with borrow) 
(A) — (A) — (r) — (CY) 
The content of register r and the content of 
the CY flag are both subtracted from the 
accumulator. The result is placed in the ac- 


cumulator. 

Cycles: 1 
States: 4 
Addressing: register 

Flags: Z,S,P,CY,AC 
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SBB M (Subtract memory with borrow) 
(A) — (A) — ((H) (L) — (CY) 
The content of the memory location whose 
address is contained in the H and L 
registers and the content of the CY flag are 
both subtracted from the accumulator. The 
result is placed in the accumulator. 


INR M (Increment memory) 
((H) (L) — ((H) (L)) + 1 : 
The content of the memory location whose 
address is contained in the H and L 
registers is incremented by one. Note: All 
condition flags except CY are affected. 


Cycles: 2 

States: 7 
Addressing: reg. indirect 
Flags: Z,S,P,CY,AC 


SBI data 


(Subtract immediate with 
borrow) 
(A) — (A) — (byte 2) — (CY) 


Cycles: 3 
States: 10 
Addressing: reg. indirect 
Flags: Z,S,P,AC 


DCRr 
()-() -1 


(Decrement Register) 


The contents of the second byte of the in- 
struction and the contents of the CY flag 
are both subtracted from the accumulator. 
The result is placed in the accumulator. 


The content of register r is decremented by 
one. Note: All condition flags except CY 
are affected. 


Cycles: 2 
States: 7 
Addressing: immediate 
Flags: Z,S,P,CY,AC 


Cycles: 1 
States: 4 
Addressing: register 
Flags: Z,S,P,AC 


DCRM 


INRr (Increment Register) 
(r) — (r) + 1 
The content of register r is incremented by 
one. Note: All condition flags except CY 
are affected. 


(Decrement memory) 

((H) (L)) — ((H) (L)) - 1 

The content of the memory location whose 
address is contained in the H and L 
registers is decremented by one. Note: All 
condition flags except CY are affected. 


Cycles: 1 
States: 4 
Addressing: register 
Flags: Z,S,P,AC 
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Cycles: 3 
States: 10 
Addressing: reg. indirect 
Flags: Z,S,P,AC 


THE INSTRUCTION SET 


INX rp (Increment register pair) 
(rh) (rl) — (rh) (rl) + 1 
The content of the register pair rp is in- 


cremented by one. Note: No condition flags. 


are affected. 


Cycles: 1 
States: 6 
Addressing: register 
Flags: none 


DCX rp (Decrement register pair) 
(rh) (rl) — (rh) (rl) — 1 
The content of the register pair rp is 
decremented by one. Note: No condition 
flags are affected. 


Cycles: 1 
States: 6 
Addressing: register 
Flags: none 


DAD rp (Add register pair to H and L) 

(H) (L) — (H) (L) + (rh) (rl) 

The content of the register pair rp is added 
to the content of the register pair H and L. 
The result is placed in the register pair H 
and L. Note: Only the CY flag is affected. It 
is set if there is a carry out of the double 
precision add; otherwise it is reset. 


Cycles: 3 
! States: 10 
Addressing: register 
Flags: CY 
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DAA (Decimal Adjust Accumulator) 
The eight-bit number in the accumulator is 
adjusted to form two four-bit Binary-Coded- 
Decimal digits by the following process: 


1. If the value of the lease significant 4 bits 
of the accumulator is greater than 9 or if 
the AC flag is set, 6 is added to the ac- 
cumulator. 


2. If the value of the most significant 4 bits 
of the accumulator is now greater than 9, 
or if the CY flag is set, 6 is added to the 
most significant 4 bits of the ac- 
cumulator. 


NOTE: All flags are affected. 


Cycles: 1 
States: 4 
Z 


Flags: ,S,P,CY,AC 


4.6.3 Logic Group 


This group of instructions performs logical 
(Boolean) operations on data in registers and 
memory and on condition flags. 


Unless indicated otherwise, all instructions in 
this group affect the Zero, Sign, Parity, Auxiliary 
Carry, and Carry flags according to the stan- 
dard rules. 


ANAr (AND Register) 
(A) — (A) A (r) 
The content of register ris logically ANDed 
with the content of the accumulator. The 
result is placed in the accumulator. The CY 
flag is cleared and AC is set. 


Cycles: 1 
States: 4 
Addressing: register 
Flags: Z,S,P,CY,AC 
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ANAM (AND memory) 

(A) — (A) A ((H) (L)) : 
The contents of the memory location 
whose address is contained in the H and L 
registers is logically ANDed with the con- 
tent of the accumulator. The result is 
placed in the accumulator. The CY flag is 
cleared and AC is set. 


Cycles: 2 

States: 7 
Addressing: reg. indirect 
Flags: Z,S,P,CY,AC 


ANI data (AND immediate) 


(A) — (A) A (byte 2) 

The content of the second byte of the in- 
struction is logically ANDed with the con- 
tents of the accumulator. The result is 
placed in the accumulator. The CY flag is 
cleared and AC is set. 


Cycles: 2 
States: 7 
Addressing: immediate 
Flags: Z,S,P,CY,AC 


XRAr (Exclusive OR Register) 
(A) — (A) (1) 
The content of register r is exclusive-OR’d 
with the content of the accumulator. The 
result is placed in the accumulator. The CY 
and AC flags are cleared. 


Cycles: 1 
States: 4 
Addressing: register 
Flags: Z,S,P,CY,AC 
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XRAM (Exclusive OR Memory) 

(A) — (A) ~~ ((H) (L)) 

The content of the memory location whose 
address is contained in the H and L 
registers is exclusive-OR’d with the con- 
tent of the accumulator. The result is 
placed in the accumulator. The CY and AC 
flags are cleared. 


Cycles: 2 
States: 7 
Addressing: reg. indirect 


g 
Flags: Z,S,P,CY,AC 


XRI data (Exclusive OR immediate) 


(A) — (A) ~~ (byte 2) 

The content of the second byte of the in- 
Struction is exclusive-OR’d with the con- 
tent of the accumulator. The result is 
placed in the accumulator. The CY and AC 
flags are cleared. 


Cycles: 2 
States: 7 
Addressing: immediate 


Flags: Z,S,P,CY,AC 


ORAr (OR Register) 
(A) — (A) V (1) 
The content of register r is inclusive-OR'd 
with the content of the accumulator. The 
result is placed in the accumulator. The CY 
and AC flags are cleared. 


Cycles: 1 
States: 4 
Addressing: register 
Flags: Z,S,P,CY,AC 
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ORAM (OR memory) 

(A) — (A) V ((H) (L)) 

The content of the memory location whose 
address is contained in the H and L 
registers is inclusive-OR’d with the content 
of the accumulator. The result is placed in 
the accumulator. The CY and AC flags are 
cleared. 


Cycles: 2 

States: 7 
Addressing: reg. indirect 
Flags: Z,S,P,CY,AC 


ORI data (OR Immediate) 
(A) — (A) V (byte 2) 
The content of the second byte of the in- 
struction is inclusive-OR’d with the content 
of the accumulator. The result is placed in 
the accumulator. The CY and AC flags are 
cleared.. 


Cycles: 2 
States: 7 
Addressing: immediate 
Flags: Z,S,P,CY,AC 


CMP r 
(A) — (r) 
The content of register ris subtracted from 
the accumulator. The accumulator remains 
unchanged. The condition flags are set as 
a result of the subtraction. The Z flag is set 
to 1 if (A) = (r). The CY flag is set to 1 if (A) 


(Compare Register) 


< (vr). 
Cycles: 1 
States: 4 
Addressing: register 
Flags: Z,S,P,CY,AC 
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CMP M (Compare memory) 

(A) — ((H) (L)) 

The content of the memory location whose 
address is contained in the H and L 
registers is subtracted from the ac- 
cumulator. The accumulator remains un- 
changed. The condition flags are set as a 
result of the subtraction. The Z flag is set 
to 1 if (A)=((H) (L)). The CY flag is set to 1 if 
(A)<((H) (L)). 


Cycles: 2 

States: 7 
Addressing: reg. indirect 
Flags: Z,S,P,CY,AC 


CPI data (Compare immediate) 


(A) — (byte 2) 

The content of the second byte of the in- 
struction is subtracted from the ac- 
cumulator. The condition flags are set by 
the result of the subtraction. The Z flag is 
set to 1 if (A)=(byte 2). The CY flag is set to 
1 if (A) <(byte 2). 


Cycles: 2 
States: 7 
Addressing: immediate 
Flags: Z,S,P,CY,AC 
RLC (Rotate left) 
(An+1) — (An) i(Ao) — (Az) 
(CY) — (Az) 


The content of the accumulator is rotated 
left one position. The low order bit and the 
CY flag are both set to the value shifted out 
of the high order bit position. Only the CY 
flag is affected. 


Cycles: 1 
States: 4 
Flags: CY 
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RRC (Rotate right) 

(An) — (An +1); (Az) — (Ao) 

(CY) — (Ad) ; 

The content of the accumulator is rotated 
right one position. The high order bit and 
the CY flag are both set to the value shifted 
out of the low order bit position. Only the 
CY flag is affected. 


Cycles: 1 
States: 4 
Flags: CY 


RAL (Rotate left through carry) 


(An+1)—(An); (CY) —(Az) 
(Ag)—(CY) 


The content of the accumulator is rotated 
left one position through the CY flag. The 
low order bit is set equal to the CY flag and 
the CY flag is set to the value shifted out of 
the high order bit. Only the CY flag is af- 
fected. 


Cycles: 1 
States: 4 
Flags: CY 


RAR (Rotate right through carry) 
(An) — (An+1)(CY) — (Ao) 

(A7) — (CY) 

The content of the accumulator is rotated 
right one position through the CY flag. The 
high order bit is set to the CY flag and the 
CY flag is set to the value shifted out of the 
low order bit. Only the CY flag is affected. 


Cycles: 1 
States: 4 
Flags: CY 
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CMA ae 
(A) — (A) 
The contents of the accumulator are com- 
plemented (zero bits become 1, one bits 
become 0). No flags are affected. 


(Complement accumulator) 


Cycles: 1 
States: 4 
Flags: none 


CMC (Complement carry) 
(CY) — (CY) 
The CY flag is complemented. No other 
flags are affected. 


Cycles: 1 
States: 4 
Flags: CY 


STC (Set carry) 


(CY) — 1 
The CY flag is set to 1. No other flags are 
affected. 


Cycles: 1 
States: 4 
Flags: CY 
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4.6.4 Branch Group 


This group of instructions alter normal sequen- 
tial program flow. 


Condition flags are not affected by any instruc- 
tion in this group. 

The two types of branch instructions are uncon- 
ditional and conditional. Unconditional 
transfers simply perform the specified opera- 
tion on register PC (the program counter). Con- 
ditional transfers examine the status of one of 
the four processor flags to determine if the 
specified branch is to be executed. The condi- 
tions that may be specified are as follows: 


CONDITION ccc 
NZ — not zero (Z=0) 000 
Z— zero (Z=1) 001 
NC — nocarry (CY =0) 010 
C— carry (CY =1) 011 
PO — parity odd (P=0) 100 
PE — parity even (P= 1) 101 
P— plus (S=0) 110 
M — minus (S=1) 111 
JMP addr (Jump) 
(PC) — (byte 3) (byte 2) 


Control is transferred to the instruction 
whose address is specified in byte 3 and 
byte 2 of the current instruction. 


Cycles: 3 
States: 10 
Addressing: immediate 
Flags: none 
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Jcondition addr (Conditional jump) 
If (CCC), 

(PC) — (byte 3) (byte 2) 

If the specified condition is true, control is 
transferred to the instruction whose ad- 
dress is specified in byte 3 and byte 2 of the 
current instruciton; otherwise, control con- 
tinues sequentially. 


low-order addr 
high-order addr 


Cycles: 2/3 
States: 7/10 
Addressing: immediate 
Flags: none 
CALL addr (Call) 
(SP) — 1) — (PCH) 
((SP) —2) — (PCL) 
(SP) — (SP) -— 2 
(PC) — (byte 3) (byte 2) 


The high-order eight bits of the next in- 
struction address are moved to the 
memory location whose address is one 
less than the content of register SP. The 
low-order eight bits of the next instruction 
address are moved to the memory location 
whose address is two less than the content 
of register SP. The content of register SP is 
decremented by 2. Control is transferred to 
the instruction whose address is specified 
in byte 3 and byte 2 of the current instruc- 
tion. 


Cycles: 5 
States: 18 
. immediate/ 
Addressing: reg. indirect 
Flags: none 
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Ccondition addr (Condition call) 

If (CCC), 
(SP) — 1) — (PCH) 
((SP) — 2) — (PCL) 
(SP) — (SP) — 2 
(PC) — (byte 3) (byte 2) 
If the specified condition is true, the ac- 
tions specified in the CALL instruction (see 
above) are performed; otherwise, control 
continues sequentially. 


ET [etee pe] 
low-order addr 
high-order addr 


Cycles: 2/5 
States: 9/18 
er immediate/ 
Addressing: reg. indirect 
Flags: none 
RET (Return) 


(PCL) — ((SP)); 

(PCH) — (SP) + 1); 

(SP) — (SP) + 2; 

The content of the memory location whose 
address is specified in register SP is moved 
to the low-order eight bits of register PC. 
The content of the memory location whose 
address is one more than the content of 
register SP is moved to the high-order eight 
bits of register PC. The content of register 
SP is incremented by 2. 


Cycles: 3 
States: 10 
Addressing: reg. indirect 
Flags: none 
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Recondition 
If (CCC), 
(PCL) — ((SP)) 
(PCH) — ((SP) + 1) 
(SP) — (SP) + 2 
If the specified condition is true, the ac- 
tions specified in the RET instruction (see 
above) are performed; otherwise, control 
continues sequentially. 


(Conditional return) 


Cycles: 113 
States: 6/12 
Addressing: __ reg. indirect 
Flags: none 
RSTn (Restart) 


(SP) — 1) — (PCH) 

((SP) — 2) — (PCL) 

(SP) — (SP) - 2 

(PC) — 8 * (NNN) ; 
The high-order eight bits of the next in- 
struction address are moved to the 
memory location whose address is one 
less than the content of register SP. The 
low-order eight bits of the next instruction 
address are moved to the memory location 
whose address is two less than the content 
of register SP. The content of register SP is 
decremented by two. Control is transferred 
to the instruction whose address is eight 
times the content of NNN. 


Cycles: 3 


States: 12 
Addressing: reg. indirect 
Flags: none 


15141312111098 76543210 


Program Counter After Restart 


THE INSTRUCTION SET 


PCHL (Jump H and L indirect — 
move H and L to PC) 
(PCH) — (H) 
(PCL) — (L) 


The content of register H is moved to the 
high-order eight bits of register PC. The 
content of register L is moved to the low- 
order eight bits of register PC. 


Cycles: 1 
States: 6 
Addressing: register 
Flags: none 


4.6.5 Stack, I/O, and Machine Control Group 


This group of instructions performs I/O, manipu- 
lates the Stack, and alters Internal control 
flags. 


Unless otherwise specified, condition flags are 
not affected by any instructions in this group. 


PUSH rp (Push) 
(SP) — 1) — (rh) 
(SP) — 2) — (rl) 
((SP) — (SP) -— 2 
The content of the high-order register of 
register pair rp is moved to the memory 
location whose address is one less than 
the content of register SP. The content of 
the low-order register of register pair rp is 
moved to the memory location whose ad- 
dress is two less than the content of 
register SP. The content of register SP is 
decremented by 2. Note: Register pair rp = 
SP may not be specified. 


Cycles: 3 
States: 12 
Addressing: reg. indirect 
Flags: none 


PUSH PSW (Push processor status word) 
(SP) — 1) — (A) 
(SP) — 2)o — (CY), (SP) — 2); — X 
(SP) — 2)2 — (P), (SP) — 2)3 — X 
((SP) — 2)4 — (AC), (SP) — 2)5 — X 
(SP) — 2) — (2), (SP) — 2)7 — (S) 
(SP) — (SP) — 2 X: Undefined. 
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The content of register A is moved to the 
memory location whose address is one 
less than register SP. The contents of the 
condition flags are assembled into a pro- 
cessor status word and the word is moved 
to the memory location whose address is 
two less than the content of register SP. 
The content of register SP is decremented 
by two. 


Cycles: 3 
States: 12 
Addressing: reg. indirect 

Flags: none 

FLAG WORD 
Dr De Ds Ds D3 Do Dy Do 
ps 2] x fac] x |e] x for 

X: undefined 
POP rp (POP) 


(rl) — ((SP)) 
(rh) — (SP) + 1) 
(SP) — (SP) + 2 


The content of the memory location, whose 
address is specified by the content of 
register SP, is moved to the low-order 
register of register pair rp. The content of 
the memory location, whose address Is one 
more than the content of register SP, is 
moved to the high-order register of register 
rp. The content of register SP is in- 
cremented by 2. Note: Register pair rp = 
SP may not be specified. 


Cycles: 3 
States: 10 
Addressing: reg.indirect 
Flags: none 


THE INSTRUCTION SET 


POP PSW (Pop processor status word) SPHL (Move HL to SP) 
= (SP) — (H) (L) 
Ae rahe The contents of registers H and L (16 bits) 
(AC)— (SP\)a are moved to register SP. 
(2) — ((SP))6 


(A) — (SP) + 1) 1 4 4 4 4 0 0 1 
(SP) — (SP) + 2 


The content of the memory location whose 
address is specified by the content of 


i Cycles: 1 
register SP is used to restore the condition States: 6 
flags. The content of the memory location Addressing: register 
whose address is one more than the con- Flags: none 
tent of register SP is moved to register A. 
The content of register SP is incremented 
by 2. IN port (Input) 
(A)—(data) 
The data placed on the eight bit bi- 
directional data bus by the specified port is 
1 1 1 1 0 0 0 1 moved to register A. 
Cycles: 3 
States: 10 


Addressing: reg. indirect 
Flags: Z,S,P,CY,AC 


Cycles: 3 
XTHL (Exchange stack top with H States: 10 

and L) Addressing: direct 
(L) — ((SP)) Flags: none 
th - (SP) + 2 L 

e content of the L register is exchanged 

with the content of the memory iocutten OUT port (Output) 
whose address is specified by the content (data) — (A) ; 
of register SP. The content of the H register The content of register A is placed on the 
is exchanged with the content of the eight bit bi-directional data bus for 
memory location whose address is one transmission to the specified port. 


more than the content of register SP. 


Cycles: 5 Cycles: 3 
States: 16 States: 10 
Addressing: reg. indirect Addressing: direct 
Flags: none Flags: none 
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THE INSTRUCTION SET 


El (Enable interrupts) 
The interrupt system is enabled following 0 0 0 0 0 0 0 0 
the execution of the next instruction. 
Cycles: 1 
States: 4 
1 4 1 1 1 9 1 1 Flags: none 
Cycles: 1 RIM (Read Interrupt Masks) 
States: 4 The RIM instruction loads data into the ac- 
Flags: none cumulator relating to interrupts and the 
serial input. This data contains the follow- 
NOTE: Interrupts are not recognized during the ing information: 
El instruction. Placing an El instruction on the ¢ Current interrupt mask status for the 
bus in response to INTA during an INA cycle is RST 5.5, 6.5, and 7.5 hardware inter- 
prohibited. rupts (1 = mask disabled) 
e Current interrupt enable flag status (1 
5 : = interrupts enabled) except im- 
DI (Disable interrupts) ; - mediately following a TRAP interrupt. 
The interupt system is disabled immediate- (See below.) 
ly following the execution of the DI instruc- ¢ Hardware interrupts pending (i.e., 
tion. signal received but not yet serviced), 


on the RST 5.5, 6.5, and 7.5 lines. 
e Serial input data. 
1 1 1 1 0 0 1 1 Immediately following a TRAP interrupt, 
the RIM instruction must be executed as a 
part of the service routine if you need to 


Cycles: 1 retrieve current interrupt status later. Bit 3 

States: 4 of the accumulator is (in this special case 

Flags: none only) loaded with the interrupt enable (IE) 

. . flag status that existed prior to the TRAP 

NOTE: Interrupts are not recognized during the interrupt. Following an RST 5.5, 6.5, 7.5, or 
DI instruction. Placing a DI instruction on the INTR interrupt, the interrupt flag flip-flop 
bus in response to INTA during an INA cycle is reflects the current interrupt enable status. 
prohibited. Bit 6 of the accumulator (I7.5) is loaded 


with the status of the RST 7.5 flip-flop, 
which is always set (edge-triggered) by an 


HLT (Halt) input on the RST 7.5 input line, even when 
The processor is stopped. The registers that interrupt has been previously masked. 
and flags are unaffected. A second ALE is (See SIM Instruction.) 
generated during the execution of HLT to 
strobe out the Halt cycle status informa- 7 0 
tion. 


Opcode: 0 0 1 0) 0 0 0 0 


Accumulator 


0 1 1 1 0 1 1 0 Content 
After RIM: 
See. Has ae Masks 
Fla s: none Interrupt Enable Flag 
al Interrupts Pending 
Serial Input Data 
nOF (No op) Cycles: 1 
No operation is performed. The registers States: 4 
and flags are unaffected. Flags: none 
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THE INSTRUCTION SET 


SIM (Set Interrupt Masks) 


The execution of the SIM instruction uses 
the contents of the accumulator (which 
must be previously loaded) to perform the 
following functions: 


¢ Program the interrupt mask for the 
RST 5.5, 6.5, and 7.5 hardware inter- 
rupts. 

e Reset the edge-triggered RST 7.5 in- 
put latch. 


¢ Load the SOD output latch. 


To program the interrupt masks, first set ac- 
cumulator bit 3 to 1 and set to 1 any bits 0, 
1, and 2, which disable interrupts RST 5.5, 
6.5, and 7.5, respectively. Then do a SIM in- 
struction. If accumulator bit 3 is O when the 
SIM instruction is executed, the interrupt 
mask register will not change. If ac- 
cumulator bit 4 is 1 when the SIM instruc- 
tion Is executed, the RST 7.5 latch is then 
reset. RST 7.5 is distinguished by the fact 
that its latch is always set by a rising edge 
on the RST 7.5 input pin, even if the jump to 
service routine is inhibited by masking. 
This latch remains high until cleared by a 
RESET IN, by a SIM Instruction with ac- 
cumulator bit 4 high, or by an internal pro- 
cessor acknowledge to an RST 7.5 interrupt 
subsequent to the removal of the mask (by 
a SIM instruction). The RESET IN signal 
always sets all three RST mask bits. 


If accumulator bit 6 is at the 1 level when 
the SIM instruction is executed, the state 
of accumulator bit 7 is loaded into the SOD 
latch and thus becomes available for inter- 
face to an external device. The SOD latch is 
unaffected by the SIM instruction if bit 6 is 


0. SOD is always reset by the RESET IN 
signal. 


Opcode: 0 0 1 1 0 0 0 0 
Accumulator 
Content 7 6 5 4 3 2 1 Q 


Before 
SIM: 


RST 5.5 Mask 

RST 6.5 Mask 

RST 7.5 Mask 

Mask Set Enable 

Reset RST 7.5 Flip-Flop 


Serial Output Data 


Cycles: 1 
States: 4 
Flags: none 
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8085A INSTRUCTION SET INDEX 
Table 4-1 


RP,DATAI6 | OORP 0001 datayg 
REG,REG 0100 DSSS 
M,REG 0111 OSSS 
REG.M 0100 0110 
REG,DATA | 0000 0110 data 
M,DATA 36 data 

00 

1011 OSSS 

86 

FG data 

03 data 

€9 

11RP 0001 

1IRP 0101 

17 

1F 

os 

cg 

20 

07 

F8 

00 

co 

FO 

£8 

£0 

OF 

WIXX X11 

ce 

1001 1SSS 

9E 

OE data 

22 addr 

30 

Fg 

32 addr 

000X 0010 

37 

1001 OSSS 

96 

D6 data 

eB 

1010 1SSs 

AE 

EE dato 

E3 


1000 1SSS 
8E 
1000 OSSS 
86 
C6 data 
1010 OSSs 
AG 
OQATA €6 data 
LABEL CD addr 
LABEL OC addr 
LABEL FC addr 
2F 
3F 
1011 1SSS 
BE 
04 addr 
C4 adde 
F4 addr 
EC addr 
FE data 
E4 addr 
CC addr 
27 
CORP 1001 
OOSS $101 
35 
QORP 1011 
F3 
FB 
76 
DB data 
OOSS $100 
34 
QORP 0011 
DA addr 
FA addr 
C3 addr 
02 addr 
C2 addr 
F2 addr 
EA addr 
€2 addr 
CA addr 
3A addr 
000X 1010 
2A addr 


SRRWW 
SR/SRRWW 
SR/SRRWW 


FR 
SR/SR RWW 
SR/ISRRWW 
SR/SR RWW 
SR/ISRRWW 
FR 
SRISRRWW 
SR/ISRRWW 
F 

FBB 

F 

FRW 


FB 
FRI 

F 

FRW 
s 
FRIFRR 
FR/FRR 
FRR 
FR/IFRA 
FR/FRR 
FR/FRR 
FR/FRR 
FR/FRR 
FR/FAR 
FRRR 
FR 
FRARR 


1 1 
1 1 
1 1 
' 2 
2 2 
1 1 
' 1 
2 1 
3 2 
3 2 
3 1 
| 1 
H 1 
1 1 
' 1 
3 1 
3 1 
3 ' 
3 1 
2 1 
3 1 
3 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
2 2 
1 3 
1 1 
' 1 
3 3 
3 ’ 
3 1 
3 1 
3 1 
3 2 
3 1 
3 1 
3 1 
3 2 
1 1 
3 


Machine cycle types: 


F Four clock period instr fetch x Variable or optional binary digit 

s Six clock period instr fetch DDD Binary digits identifying a destination register ) B= 000,C = 001,0=010 Memory = 110 
R Memory read sss Binary digits identifying a source register } E2#011,H=100,L=101 A=111 

l 1/0 read f _ { 8C=00,HL= 10 

W Memory write BE “Register Patt { DE=01,SP=11 

0 V/0 write 

8 Bus idle 
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8085A 


8085A CPU INSTRUCTIONS IN OPERATION CODE SEQUENCE 
Table 4-2 


CZ = = Adr 
CALL Adr 
ACI D8 
RST 1 
RNC 

POP D 
JNC Adr 
OUT D8 
CNC Adr 
PUSH D 
sul D8 


MOQNOWYPEFIMONBWPSFIMONOMBYSrFIMIONOMpPpSsrIMmMmIeoOMyPSErIMIA 


LHLD Adr 


D8 =constant, or logical/arithmetic expression that evaluates D16 = constant, or logical/arithmetic expression that evaluates 
to an 8 bit data quantity. to a 16 bit data quantity. 
Adr = 16-bit address. 
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8085A INSTRUCTION SET SUMMARY BY FUNCTIONAL GROUPING 


Table 4-3 
Instruction Code(1) Clock(2) Instruction Code(1) Clock(2) 
Mnemonic Oescription 07 Dg Ds Dqa 03 D2 Dy Dg Cycles Mnemonic Description O7 Og Ds 04 D3 D2 Dy Do Cycles 
MOVE, LOAD, AND STORE 
MOVel 62 Move register to register o 10008 S8 S$ 4 enc Call on no carry yoreo ro 1 00 9/8 
MOV Mr Moveregistertomemory 0 1 #1 #1 0 S$ $ § 7 cz Call on zero en 
MOV cM Move memory toregistee O 1 DO D0 D 1 tO 7 cNnz Call on no zero 110 0 0 1 0 Oo 9/8 
MVIr 000bdDoO 110 7 ce Call on positive 1 ororetoto00 918 
MVIM Move immediate memory 0 0 1 1 0 1 1 0 10 cm Call an minus Bd Ys Es 0 BAB 
LxIB Loadimmediateregister 0 0 0 0 0 0 01 CPE Call on parity even 1orero tt 0 0 9/18 
Pair B& C cro Call on parity odd 1 1 t 0 86 1 0 0 9/8 
tx!o Loadimmediateregister 0 0 ©O 1 0 0 01 10 RETURN 
Pair D&E RET Return 1 1 0 01 0041 10 
LXIH Load immediateregistee 0 ©O 1 0 0 0 O 1 10 RC Return on carry 1 1 074 4 0 0 O B12 
Pach Sl RNC Return on no carry 1 101 00 00 sie 
UXI SP ee sock 09 OF tT 0 0 Of 0 RZ Return on zero 1 1001 0 00 62 
i 
STAX B Store A indirect 00000010 7 BNE Rrtuen on np pete ge MESO OS G00. Sil 
STAX D Store A indirect 00010010 7 sP Reruinon pasts ey, oe gs Oey Dea Oe G8 6 
LOAX 8 Load A indirect 00001010 7 nm Hew on ees ge Yin i Oe 20s eile 
ipaxo ‘oad A wsaack 0-0 O ae ae 7 RPE Return on parity even 1’ 1 1 0 41 0 0 0 G2 
STA «Sova Nedwees Oe ban Oo 8 40 48 RPO Return on parity odd 1 o'roto 0 0 00 612 
LOA Load A direct oor 1 41 010 13 RESTART: 
SHLD Store H & L direct 00100010 6 gas NE ABER E OUCL  AE 
LHLO Load H & L direct 001 0 141 0 1 0 16 INPUT/OUTPUT 
XCHG ExchangeD&EHSL 1 1 101011 «4 i" inpat Pave oc nie By 218 
Registers out Output 1101 0017 10 
STACK OPS INCREMENT AND DECREMENT 
PUSH B PushregisterPairB& 1 1 0 0 0 1 OF 12 INR Increment register 0 8 OD a Oe 4 
C on stack OCRr Decrement register 0 0o0o00 101 4 
PUSH D Push register Pair 0 & 1 1 0 4 O 1 01 12 INR M Increment memory 001 1 01 00 10 
E on stack OCRM Decrement memory oor too O01 10 
PUSH H Push register Pair H & 11 1 0 0 1 01 12 INX B Increment B& C 00000011 6 
Lon stack fegusters 
PUSH PSW Push A and Flags yor tt 0 F O 1 12 INX D Increment D & E o 0 0 1 0 0 1 6 
on stack registers 
POPB Pop register Pair B & 1 1 000001 10 INXH Increment H & L 001 0 0011 6 
C off stack fegisters 
PoPO Pop register Pair D & 1 1°01 00 041 10 INX SP Incrementstack pointer 0 0 1 1 0011 6 
E olf stack 0CxB Decrement B & C 00001011 6 
POPH Pop register Pair H & 1 1 1 0 0 0 01 10 Dcxo Decrement 0 & E 000110119 6 
egieeuis Dex H Decrement H & L 00101011 6 
POP PSW Pop A and Flags 11 1 1 0 0 01 10 
off stack OCx SP Decrement stack oo Fr 1 t 04 7 6 
XTHL Exchange top of 11100011 46 povatar 
stack. H&L ADD 
SPHL H&Ltostackpointer 1 1 1 1 1 0 071 6 aoor Add register to A a ee 
JUMP ADCer Add fegister to A 1 0 0 01 8 § § 
JMP Jump unconditional 1 1 0 00081 10 ‘Agoie ne mia eA rooovorto ? 
Jc Jump on carry 1 1 0 7 4 0 4 0 7/10 
AOCM Add memory to A 100 071 1 10 7 
JNC Jump on no carry 1 1 0 71 0 0 14 0 7/10 with corry 
Zz Jump on zero i a Anl AddimmediatetoA 1 1000110 7 
INZ Jump an no zero 1 10 0 0 0 1 0 710 ACI Add immediate to A 11. 00%711 4 7 
JP Jump on positive 1 o'otot 0 0 1 0 7/10 with carry 
JM Jump on minus Vororer ot 0 f 0 m0 DADB Add B&CtOH&L 00001 001 10 
JPE Jump on parity even 1orot ot 0 1 0 70 OAD D Add D&E tOH&L 00014 1 001 «10 
JP0 Jump on parity odd 1orotoo 0 0 1 0 710 DAOH AddH&LtOH&L o 6 101 001 10 
PCHL H&L to program 1ororo1oot 6 DAD SP Add stack pointer to oor 1 1 0 01 10 
counter H&L 
CALL SUBTRACT 
CALL Call unconditional 1 1 001 18 SUBr Subtract register 1 0 0 1 0 $§ § § 4 
cc Call on carry 1 1 0 4 1 1 0 0 9/18 from A 
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8085A INSTRUCTION SET SUMMARY (Cont’d) 


Table 4-3 
Instruction Code(1) Clock(2) Instruction Code(1) Clock(2) 
Mramonie_Oeciption Dy_O§ 05 04 D3 Oz 01 Op Cyees | Mnvmonie__Dwsrintion _O7 Og Os 04 03 Oz 01 0 Crees 
SBBr Subtract register from 100311 S$ S$ § 4 oR OR immediate with A 1 1 9 4 0 7 «7 °0 7 
Auth borrow cPl Compare immediate rte bt ee F 
SUBM Subtract memory 1007 01 10 7 with A 
, =, fromA ROTATE 
Cc SBBM Subuactmemory from 1 0 0 1 1 1 1:0 7 RLC Rotate A left 000008118 4 
ein boo RRC Rotate A right 000011311 
ou Subeacrimmedam, OE 0) 26h Oe Od RAL Rotate Aleftthrouh 0 0 0 10 1 11 
trom A cary 
se Submectimwmedian: 00S) OA he MF RAR Rotate Aright through 0 0 0 1 1 4 99 4 
' from A with borrow — 
LOGICAL SPECIALS 
ANAr And register with A 101 0 08S 8 § 4 CMA Complement A 0010113 11 4 
XRAr oe OR register 1 0 1 1 S$ $§$ § 4 STC Set carry 0011013119 4 
tt 
ORA ei 5 tha qe A Ae es Ses * CMC Complement carry 008d t 1 179 4 
: peer, DAA Decimal adjust A 00100111 4 
CMPr CompareregisterwithA 1 0 1 1 13 S$ $ S 4 CONTROL 
ANAM And ith A 101 7 
- ipsa oe el Enable Interrupts 1 1 3 9 7 «0 9°79 4 
XRAM Exclusive OR memory 1014 01 1°10 7 itl @ ect ‘ 
with A ol Disable Interrupt 1 1 1°77 °=40 
ORAM ORmemorywithA 1 0 11 0110 7 MOF. pacopeavon 6-0 OOO 0 OO. A 
cMPM ComparememoymthA 1 O 1 1 11 10 7 ro oe spel AS Pan ee a 
inte with NSTRUCTIONS 
ANI AndimmediatewithA 1 1 1 0 0 1 1 0 7 
xRI Exclusive ORimmedin® 1 1 1 0 1 1°10 7 ny ReadinteruptMak 0 0 1 0 0 0 OO 4 
withA SIM Set Interrupt Mask 0011 0000 4 


NOTES: 1. DDS or SSS: B 000, C 001, 0 010, € 011, H 100, L 101, Memory 110, A 111. 
2. Two possible cycle times. (6/12) indicate instruction cycles dependent on condition flags. 
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CHAPTER 5 


intel 
8085A/8085A-2 


SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSORS 


@ Single +5V Power Supply @ Four Vectored Interrupt Inputs (One is 
™ 100% Software Compatible with 8080A non-Maskable) Plus an 8080A- 
# 1.3 us Instruction Cycle (8085A); FoMipeHbieinteiyge 

0.8 us (8085A-2) @ Serial In/Serial Out Port 


@ On-Chip Clock Generator (with External 
Crystal, LC or RC Network) 


H@ On-Chip System Controller; Advanced 
Cycle Status Information Available for @ Direct Addressing Capability to 64k 
Large System Control Bytes of Memory 


@ Decimal, Binary and Double Precision 
Arithmetic 


The Intel® 8085A is a complete 8 bit parallel Central Processing Unit (CPU). Its instruction set is 100% software compatible 
with the 8080A microprocessor, and it is designed to improve the present 8080A’s performance by higher system speed 
Its high level of system integration allows a minimum system of three IC's [8085A (CPU), 8156 ‘RAM/IO) and 8355/8755A 
(ROM/PROM/IO)] while maintaining total system expandability. The 8085A-2 is a faster version of the 8085A. 


The 8085A incorporates all of the features that the 8224 (clock generator) and 8228 (system controller) provided for the 
8080A, thereby offering a high level of system integration. 

The 8085A uses a multiplexed data bus. The address is split between the 8 bit address bus and the 8 bit data bus. The 
on-chip address latches of 8155/8156/8355/8755A memory products allow a direct interface with the 8085A. 


INTA RST6.5 TRAP 
INTR ASTSS AST75 sio soo 


INTERRUPT CONTROL SERIAL 1/0 CONTROL 


@.BIT INTERNAL DATA BUS 


INSTRUCTION 
REGISTER 8) 
INSTRUCTION 
DECODER 
: a 


AN 
MACHINE 
ry) 
STACK POINTER 
ue) 
PROGRAM COUNTER 


power [—= «Sv 
INCREMENTER/OLCREMENTCR 
SUEREY: [SE IGND ADDRESS LATCH nie) 


TIMING ANO CONTROL | 1 


aporesseurren °°? DATA/ADDRESS BUFFER?! 


x — CONTROL STATUS OMA Sy ) if 


' 
CLK OUT 10 WA ALE SoS, 10/M HLDA RESET OUT Ays-As AD7-ADg 
1s" fos 
READY HOLO RESETIN ADORESS BUS ADORESS/DATA BUS 


REGISTER 
ARRAY 


CYCLE 
ENCODING 


Figure 1. 8085A CPU Functional Block Diagram 
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AS) Vec 
X2 HOLD 
RESET OUT HLDA 
SoD CLK (OUT) 
SID RESET IN 
TRAP READY 
RST 7.5 10/M 
RST 6.5 S1 
RST5.5 RD 
INTR wa 
INTA ALE 
ADo So 
AD Als 
AD2 Ala 
AD3 Ai3 
AD4 Ai2 
ADS All 
ADE A10 
AD7 Ag 


Vss 


Figure 2. 8085A Pinout Diagram 


8085A FUNCTIONAL PIN DEFINITION 


The following describes the function of each pin: 


Symbol 


As-A15 
(Output, 3-state) 


ADo-7 
(Input/Output, 
3-state) 


ALE 
(Output) 


So, $1, and 10/M 
(Output) 


Function 


Address Bus: The most significant 8 
bits of the memory address or the 8 
bits of the I/O address, 3-stated dur- 
ing Hold and Halt modes and during 
RESET. 


Multiplexed Address/Data Bus: Low- 
er 8 bits of the memory address (or 
\/O address) appear on the bus dur- 
ing the first clock cycle (T state) of a 
machine cycle. It then becomes the 
data bus during the second and third 
clock cycles. 


Address Latch Enable: It occurs dur- 
ing the first clock state of a machine 
cycle and enables the address to get 
latched into the on-chip latch of pe- 
ripherals. The falling edge of ALE is 
set to guarantee setup and hold times 
for the address information. The fall- 
ing edge of ALE can also be used to 
strobe the-status information. ALE is 
never 3-stated. 


Machine cycle status: 

10/M Si Status 

Memory write 
Memory read 
1/0 write 

1/O read 
Opcode fetch 
Interrupt Acknowledge 
Halt 

Hold 

Reset 

= 3-state (high impedance) 
X = unspecified 


em Oo-400 
xxon20 +0 =|Y 


xxown340c-0 


Symbol 


RD 
(Output, 3-state) 


WR 
(Output, 3-state) 


READY 
(Input) 


HOLD 


(Input) 


HLDA 


(Output) 


INTR 
(Input) 
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Function 


Si can be used as an advanced R/W 
status. 1O/M,.So and S; become valid 
at the beginning of a machine cycle 
and remain stable throughout the 
cycle. The falling edge of ALE may be 
used to latch the state of these lines. 


READ control: A low level on RD in- 
dicates the selected memory or I/O 
device is to be read and that the Data 
Bus 1s available for the data transfer, 
3-stated during Hold and Halt modes 
and during RESET. 


WRITE control: A low level on WR in- 
dicates the data on the Data Bus is to 
be written into the selected memory 
or I/O location. Data is set up at the 
trailing edge of WR. 3-stated during 
Hold and Halt modes and during 
RESET. 


If READY is high during aread orwrite 
cycle, it indicates that the memory or 
peripheral is ready to send or receive 
data. If READY is low, the cpu will 
wait an integral number of clock 
cycles for READY to go high before 
completing the read or write cycle. 


HOLD indicates that another master 
is requesting the use of the address 
and data buses. The cpu, upon re- 
ceiving the hold request, will re- 
linquish the use of the bus as soon as 
the completion of the current bus 
transfer. Internal processing can con- 
tinue. The processor can regain the 
bus only after the HOLD 1s removed. 
When the HOLD is acknowledged, the 
Address, Data, RD, WR, and |O/M 
lines are 3-stated. 


HOLD ACKNOWLEDGE: Indicates 
that the cpu has received the HOLD 
request and that it will relinquish the 
bus in the next clock cycle. HLDA 
goes low after the Hold request is 
removed. The cpu takes the bus one 
half clock cycle after HLDA goes low. 


INTERRUPT REQUEST: is used as a 
general purpose interrupt. It is sam- 
pled only during the next to the last 
clock cycle of an instruction and dur- 
ing Hold and Halt states. If it is active, 
the Program Counter (PC) will be in- 
hibited from incrementing and an 
INTA will be issued. During this cycle 
a RESTART or CALL instruction can 
be inserted to jump to the interrupt 
service routine. The INTR is enabled 
and disabled by software. It is dis- 
abled by Reset and immediately after 
an interrupt is accepted. 
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8085A FUNCTIONAL PIN DESCRIPTION (Continued) 


Symbol 


INTA 
(Output) 


RST 5.5 
RST 6.5 
RST 7.5 
(Inputs) 


TRAP 
(Input) 


RESET IN 
(Input) 


NOTES: 


Function 


INTERRUPT ACKNOWLEDGE: Is 
used instead of (and has the same 
timing as) RD during the Instruction 
cycle after an INTR ts accepted. It can 
be used to activate the 8259 Interrupt 
chip or some other interrupt port. 


RESTART INTERRUPTS: These three 
inputs have the same timing as INTR 
except they cause an internal RE- 
START to be automatically inserted. 


The priority of these interrupts is 
ordered as shown in Table 1. These 
interrupts have a higher priority than 
INTR. In addition, they may be indi- 
vidually masked out using the SIM 
instruction. 


Trap interrupt is a nonmaskable RE- 
START interrupt. It is recognized at 
the same time as INTR or RST 5.5-7.5. 
It is unaffected by any mask or Inter- 
rupt Enable. It has the highest priority 
of any interrupt. (See Table 1.) 


Sets the Program Counter to zero and 
resets the Interrupt Enable and HLDA 
flip-flops. The data and address buses 
and the control lines are 3-stated dur- 
ing RESET and because of the asyn- 
chronous nature of RESET, the pro- 
cessor's internal registers and flags 
may be altered by RESET with unpre- 
dictable results. RESET IN isa 


Symbol 


RESET OUT 
(Output) 


X1, X2 
(Input) 


CLK 
(Output) 


SID 
(Input) 


soD 
(Output) 


Vcc 
Vss 


Function 


Schmitt-triggered input, allowing 
connection to an R-C network for 
power-on RESET delay. The cpu is 
held in the reset condition as long as 


RESET IN is applied. 


Indicates cpu is being reset. Can be 
used as a system reset. The signal is 
synchronized to the processor clock 
and lasts an integral number of clock 
periods. 


X1 and X2 are connected to a crystal, 
LC, or RC network todrivethe internal 
clock generator. X1 can also be an 
external clock input from a logic gate. 
The input frequency is divided by 2 to 
give the processor's internal oper- 
ating frequency. 


Clock Output for use as a system 
clock. The period of CLK is twice the 
X1, X2 input period. 


Serial input data line. The dataon this 
line is loaded into accumulator bit 7 
whenever a RIM instruction is exe- 
cuted. 


Serial output data line. The output 
SOD is set or reset as specified by the 
SIM instruction. 


+5 volt supply. 
Ground Reference. 


TABLE 1. INTERRUPT PRIORITY, RESTART ADDRESS, AND SENSITIVITY 


3CH 


2CH 
See Note (2). 


Address Branched To (1) 
When Interrupt Occurs 


Type Trigger 


[24H | Rising edge AND high level until sampled, | 
Pach | High evel untitsampies. ———————=* 


(1) The processor pushes the PC on the stack before branching to the indicated address. 
(2) The address branched to depends on the instruction provided to the cpu when the interrupt is 
acknowledged. 
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FUNCTIONAL DESCRIPTION 


The 8085A is a complete 8-bit parallel central processor. 
It is designed with N-channel depletion loads and requires 
a single +5 volt supply. Its basic clock speed is 3 MHz 
(8085A) or 5 MHz (8085A-2), thus improving onthe present 
8080A's performance with higher system speed. Also it is 
designed to fit into a minimum system of three IC's: The 
cpu (8085A), a RAM/IO (8156), and a ROM or EPROM/IO 
chip (8355 or 8755A). 


The 8085A has twelve addressable 8-bit registers. Four of 
them can function only as two 16-bit register pairs. Six 
others can be used interchangeably as 8-bit registers or 
as 16-bit register pairs. The 8085A register setis as follows: 


Mnemonic Register Contents 
ACCorA Accumulator 8 bits 
PC Program Counter 16-bit address 
BC,DE,HL General-Purpose 8 bits x 6 or 
Registers; data 16 bits x3 
pointer (HL) ; 
SP Stack Pointer 16-bit address 
Flags or F Flag Register 5 flags (8-bit space) 


The 8085A uses a multiplexed Data Bus. The address is 
split between the higher 8-bit Address Bus and the lower 
8-bit Address/Data Bus. During the first T state (clock 
cycle) of a machine cycle the low order address is sent 
out on the Address/Data bus. These lower 8 bits may be 
latched externally by the Address Latch Enable signal 
(ALE). During the rest of the machine cycle the data bus is 
used for memory or |/O data. 


The 8085A provides RD, WR, So, $1, and 1O/M signals for 
bus control. An Interrupt Acknowledge signal (INTA) is 
also provided. HOLD, READY, and all Interrupts are syn- 
chronized with the processor's internal clock. The 8085A 
also provides Serial Input Data (SID) and Serial Output 
Data (SOD) lines for simple serial interface. 


In addition to these features, the 8085A has three mask- 


able, vector interrupt pins and one nonmaskable TRAP 
interrupt. 


INTERRUPT AND SERIAL 1/O 


The 8085A has 5 interrupt inputs: INTR, RST 5.5, RST 6.5, 
RST 7.5, and TRAP. INTR is identical in function to the 
8080A INT. Each of the three RESTART inputs, 5.5, 6.5, 
and 7.5, has a programmable mask. TRAP is also a 
RESTART interrupt but it is nonmaskable. 


The three maskable interrupts cause the internal execu- 
tion of RESTART (saving the program counter in the stack 
and branching to the RESTART address) if the interrupts 
are enabled and if the interrupt mask is not set. The non- 
maskable TRAP causes the internal execution of a 
RESTART vector independent of the state of the inter- 
rupt enable or masks. (See Table 1.) 


There are two different types of inputs in the restart in- 
terrupts. RST 5.5 and RST 6.5 are high /evel-sensitive like 
INTR (and INT on the 8080) and are recognized with the 
same timing as INTR. RST 7.5 is rising edge-sensitive. 


For RST 7.5, only a pulse is required to set an internal 
flip-flop which generates the internal interrupt request. 
(See Section 2.2.7.) The RST 7.5 request flip-flop remains 
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set until the request is serviced. Then it is reset auto- 
matically. This flip-flop may also be reset by using the 
SIM instruction or by issuing a RESET IN to the 8085A 
The RST 7.5 internal flip-flop will be set by a pulse on the 
RST 7.5 pin even when the RST 7.5 interrupt is masked out. 


The status of the three RST interrupt masks can only be 
affected by the SIM instruction and RESET IN. (See SIM, 
Chapter 4.) 


The interrupts are arranged in a fixed priority that deter- 
mines which interrupt is to be recognized if more than 
one is pending as follows: TRAP — highest priority, 
RST 7.5, RST 6.5, RST 5.5, INTR — lowest priority. This 
priority scheme does not take into account the priority 
of a routine that was started by a higher priority interrupt. 
RST 5.5 can interrupt an RST 7.5 routine if the interrupts 
are re-enabled before the end of the RST 7.5 routine. 


The TRAP interrupt is useful for catastrophic events such 
as power failure or bus error. The TRAP input is recog- 
nized just as any other interrupt but has the highest 
Priority. It is not affected by any flag or mask. The TRAP 
input is both edge and level sensitive. The TRAP input 
must go high and remain high until it is acknowledged. 
It will not be recognized again until it goes low, then high 
again. This avoids any false triggering due to noise or 
logic glitches. Figure 3 illustrates the TRAP interrupt 
request circuitry within the 8085A. Note that the servicing 
of any interrupt (TRAP, RST 7.5, RST 6.5, RST 5.5, INTR) 
disables all future interrupts (except TRAPs) until an El 
instruction is executed. 


INSIDE THE 


EXTERNAL eee 


TRAP 
INTERRUPT 
REQUEST 


RESET IN 


SCHMITT 
TRIGGER 


INTERRUPT 
REQUEST 


TRAP F.F, 


INTERNAL 
TRAP 
ACKNOWLEDGE 


Figure 3. TRAP and RESET IN Circuit 


The TRAP interrupt is special in that it disables interrupts, 
but preserves the previous interrupt enable status. Per- 
forming the first RIM instruction following a TRAP inter- 
rupt allows you to determine whether interrupts were 
enabled or disabled prior to the TRAP. All subsequent 
RIM instructions provide current interrupt enable status. 
Performing a RIM instruction following INTR, or RST 
5.5-7.5 will provide current Interrupt Enable status, 
revealing that Interrupts are disabled. See the descrip- 
tion of the RIM Instruction in Chapter 4. 


The serial 1/O system is also controlled by the RIM and 
SIM instructions. SID is read by RIM, and SIM sets the 
SOD data. 
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DRIVING THE X; AND X2 INPUTS 


You may drive the clock inputs of the 8085A or 8085A-2 
with a crystal, an LC tuned circuit, an RC network, or an 
external clock source. The driving frequency must be at 
least 1 MHz, and must be twice the desired internal clock 
frequency; hence, the 8085A is operated with a 6 MHz 
crystal (for 3 MHz clock), and the 8085A-2 can be operated 
with a 10 MHz crystal (for 5 MHz clock). If acrystal is used, 
it must have the following characteristics: 


Parallel resonance at twice the clock frequency desired 
Ci (load capacitance) < 30 pf 

Cs (shunt capacitance) < 7 pf 

Rs (equivalent shunt resistance) < 75 Ohms 

Drive level: 10 mW 

Frequency tolerance: +.005% (suggested) 


Note the use of the 20 pf capacitors between X1, X2 and 
ground. These capacitors are required with crystal fre- 
quencies below 4 MHz to assure oscillator startup at the 
correct frequency. A parallel-resonant LC circuit may be 
used as the frequency-determining network for the 8085A, 
Providing that its frequency tolerance of approximately 
+10% is acceptable. The components are chosen from 
the formula: 


Ane Seen, 
2arV/L(Cext + Cint) 


To minimize variations in frequency, it is recommended 
that you choose a value for Cext that is at least twice that 
of Cint, or 30 pF. The use of an LC circuit is not recom- 
mended for frequencies higher than approximately 5MHz. 


An RC circuit may be used as the frequency-determining 
network for the 8085A if maintaining a precise clock fre- 
quency is of no importance. Variations in the on-chip 
timing generation can cause a wide variation in frequency 
when using the RC mode. Its advantage is its low com- 
ponent cost. The driving frequency generated by the 
circuit shown is approximately 3 MHz. It is not recom- 
mended that frequencies greatly higher or lower than this 
be attempted. 


Figure 4 shows the recommended clock driver circuits. 
Note in D and E that pullup resistors are required to assure 
that the high level voltage of the input is at least 4 V. 


For driving frequencies up to and including 6 MHz you 
may supply the driving signal to X1 and leave X2 open- 
circuited (Figue 4D). If the driving frequency is from 6 MHz. 
to 10 MHz, stability of the clock generator will be improved 
by driving both X1 and X2 with a push-pull source (Figure 
4E). To prevent self-oscillation of the 8085A, be sure that 
X2 is not coupled back to X1 through the driving circuit. 


*20 pF CAPACITORS REQUIRED FOR 
CRYSTAL FREQUENCY < 4 MHz ONLY. 


A. Quartz Crystal Clock Driver 


C. RC Circuit Clock Driver 


+5V 
Low time > 60 ns 


4702 


*X2 LEFT FLOATING 


D. 1-6 MHz Input Frequency External Clock Driver 
Circuit 


+5V 


Low time > 40 ns 


E. 1-10 MHz Input Frequency External Clock Driver 
Circult 


Figure 4. Clock Driver Circults 
55 


8085A/8085A-2 


GENERATING AN 8085A WAIT STATE 


If your system requirements are such that slow memories 
or peripheral devices are being used, the circuit shown in 
Figure 5 may be used to insert one WAIT state in each 
8085A machine cycle 


The D flip-flops should be chosen so that 
© CLK is rising edge-triggered 
© CLEAR is low-level active. 


ea | 


+5V 


Figure 5. Generation of a Wait State for 8085A CPU 


As in the 8080, the READY line is used to extend the read 
and write pulse lengths so that the 8085A can be used with 
slow memory. HOLD causes the cpu to relinquish the bus 
when itis through with it by floating the Address and Data 
Buses. 


SYSTEM INTERFACE 


The 8085A family includes memory components, which 
are directly compatible to the 8085A cpu. For example, a 
system consisting of the three chips, 8085A, 8156, and 
8355 will have the following features: 

© 2K Bytes ROM 

© 256 Bytes RAM 

© 1 Timer/Counter 

¢ 48-bit I/O Ports 

© 16-bit I/O Port 

e 4 Interrupt Levels 

© Serial In/Serial Out Ports 


This minimum system, using the standard I/O technique 
is as shown in Figure 6. 


In addition to standard I/O, the memory mapped 1/O 
offers an efficient 1/O addressing technique. With this 
technique, an area of memory address space is assigned 
for I/O address, thereby, using the memory address for 
1/O manipulation. Figure 7 shows the system configura- 
tion of Memory Mapped 1/O using 8085A. 


The 8085A cpu can also interface with the standard 
memory that does not have the multiplexed address/data 
bus. It will require a simple 8212 (8-bit latch) as shown in 
Figure 8. 


a 
a aie 
LT | LET TTT TT 
Feel oe 


“NOTE: OPTIONAL CONNECTION 


Figure 6. 8085A Minimum System (Standard I/O 
Technique) 
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8085A MINIMUM SYSTEM CONFIGURATION 


8355 [ROM +1/O] 
OR 
8755A [PROM+ I/O] 


[RAM + I/O + COUNTER/TIMER] 


VO PORTS, 
CONTROLS 


STANDARD 
fe) 


ADDR 


Figure 8. MCS-85™ System (Using Standard Memories) 
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BASIC SYSTEM TIMING 


The 8085A has a multiplexed Data Bus. ALE is used as a 
strobe to sample the lower 8-bits of address on the Data 
Bus. Figure 9 shows an instruction fetch, memory read 
and I/O write cycle (as would occur during processing of 
the OUT instruction). Note that during the !/O write and 
read cycle that the I/O port address is copied on both the 
upper and lower half of the address. 


There are seven possible types of machine cycles. Which 
of these seven takes place is defined by the status of the 
three status lines (1O/M, S3 Si, So) and the three control 
signals (RD, WR, and INTA). (See Table 2.) The status 
lines can be used as advanced controls (for device selec- 
tion, for example}, since they become active at the T; 
state, at the outset of each machine cycle. Control lines 
RD and WR become active later, at the time when the 
transfer of data is to take place, so are used as command 
lines. 


A machine cycle normally consists of three T states, with 
the exception of OPCODE FETCH, which normally has 
either four or six T states (unless WAIT or HOLD states 
are forced by the receipt of READY or HOLD inputs). Any 
T state must be one of ten possible states, shown in 
Table 3. 


(LOW ORDER DATA FROM 
ADORESS) MEMORY 


(INSTRUCTION) 


Figure 9. 8085A Basic System Timing 


TABLE 2. 8085A MACHINE CYCLE CHART 


MACHINE CYCLE 


OPCODE FETCH 
MEMORY READ 
MEMORY WRITE 


vO READ 
W/O WRITE 


ACKNOWLEDGE 


OF INTR 
BUS IDLE 


$1,S0|10/M|Ag-A1s|ADg-AD7 


x 


xOox~-~- =x x x 


(OF) 
(MR) 
(MW) 
(HOR) 
(low) 


(INA) 

(BI): DAD 
ACK. OF 
RST, TRAP 
HALT 


Status & Buses 


2 


=e oe oe ow ow KK KX KIL 


oooooo0o00o00- 


TS = High Impedance 
X = Unspecified 


* ALE not generated during 2nd and 3rd machine cycles of DAD instruction. 
TIO = 1 Gung T4-Té of INA machine cycle. 


7 
DATA FROM MEMORY 
{1/0 PORT ADDRESS) 


58 


DATA TO MEMORY 
OR PERIPHERAL 


(ware | WRITE {wane | 
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TABLE 4. ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias......... 

Storage Temperature 

Voltage on Any Pin 
With Respect to Ground............ 


Power Dissipation 1.5 Watt 


TABLE 5. D.C. CHARACTERISTICS 


*COMMENT 


Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. Thisis a stress rating only and functional 
Operation of the device at these or any other conditions above those 
indicated in the operational sections of this specification 1s not imphed 
Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. 


(Ta = 0°C to 70°C; Veg = 5V 5%; Veg = OV; unless otherwise specified) 


Vin Input Low Voltage | -05 | 
Vin Input High Voltage eo | 
Vor Output Low Voltage ive. | 
Vou Output High Voltage 
loc Power Supply Current iP i 
hie Input Leakage i> 4 
lLo Output Leakage Bae 
VILA Input Low Level, RESET | -0.5 | 
Vine Input High Level, RESET | 2.4 
Vuy Hysteresis, RESET | 0.25 | 
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+10 


Test Conditions 


To0s | lou = 2m 


0.45V < Vout < Voc 


o 
3) 
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TABLE 6. A.C. CHARACTERISTICS 
Ta = 0°C to 70°C; Vcc = SV + 5%; Vss = OV 


8085A-2I2! 
Symbol 808sa/2! (Preliminary) Units 


tcyc CLK Cycle Period ns 
ty CLK Low Time ns 
t2 CLK High Time ns 
tet CLK Rise and Fall Time ns 
tXKR X1 Rising to CLK Rising ns 
{xKF X1 Rising to CLK Falling ns 
tac As-15 Valid to Leading Edge of Control!" ns 
tacL Ao-7 Valid to Leading Edge of Control ns 
tad Ao-15 Valid to Valid Data In ns 
tAFR Address Float After Leading Edge of ns 
READ (INTA) 
taL Ag-15 Valid Before Trailing Edge of ALE!"! ns 
TALL Ao-7 Valid Before Trailing Edge of ALE ns 
tany READY Valid from Address Valid ns 
tca Address (Ag-A15) Valid After Control ns 
tec Width of Control Low (RD, WR, INTA) ns 
Edge of ALE 
to Trailing Edge of Control to Leading Edge of ns 
ALE 
tow Data Valid to Trailing Edge of WRITE ns 
tHABE HLDA to Bus Enable ns 
tHABF Bus Float After HLDA ns 
tHacK HLDA Valid to TRailing Edge of CLK ns 
tHOH HOLD Hold Time ns 
tHos HOLD Setup Time to Trailing Edge of CLK ns 
{INH INTR Hold Time ns 
tins INTR, RST, and TRAP Setup Time to ns 
Falling Edge of CLK 
tla Address Hold Time After ALE ns 
tic Trailing Edge of ALE to Leading Edge ns 
of Control 
tick ALE Low During CLK High ns 
tLorn ALE to Valid Data During Read ns 
tLow ALE to Valid Data During Write ns 
tLL ALE Width ns 
tLray ALE to READY Stable ns 
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TABLE 6. A.C. CHARACTERISTICS (Cont.) 


‘ 8085A-2!2) 
8085A'2! (Preliminary) 


Trailing Edge of READ to Re-Enabling 
of Address 


READ (or iNTA) to Valid Data 


tro ns 

trv Control Trailing Edge to Leading Edge ns 
of Next Control 

tROH Data Hold Time After READ INTA |”! ns 

tRYH READY Hold Time ns 

trys READY Setup Time to Leading Edge ns 
of CLK 

two Data Valid After Trailing Edge of WRITE ns 


LEADING Edge of WRITE to Data Valid 


Notes: 
1. oe address Specs apply to 1O/M, So, and S1 except As-A15 are undefined during T4-Te of OF cycle whereas 10/M, So, and 
1 are stable. 
2. Test conditions: tcyc = 320ns (8085A)/200ns (8085A-2); CL = 150pF. 
3. For all output timing where Ci = 150pF use the following correction factors: 
25pF < Cr < 150pF: -0.10 ns/pF 
150pF < Ci < 300pF: +0.30 ns/pF 
. Output timings are measured with purely capacitive load. 
. All timings’are measured at output voltage VL = 0.8V, VH = 2.0V, and 1.5V with 20ns rise and fall time on inputs. 
. To calculate timing specifications at other values of tcyc use Table 7. 
. Data hold time is guaranteed under all loading conditions. 


NOs 


be O 72 M Hz i Cine 25 ns 
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TABLE 7. BUS TIMING SPECIFICATION AS A Tcyc DEPENDENT 


8085A 
tla = (1/2) T- 60 MIN 
x = (1/2) T - 20 MIN 


IN 

IN 
IN 
AX 


two - (1/2) T- 60 M 
tor - M 
M. 

ACK = 


ty (1/2) T - 50 M 
thar = (1/2) T +50 M 
tuaBe = (1/2) T +50 MAX 
the — (2/2) T- 50 MIN 
t - = (1/2) T - 80 MIN 
t a (1/2) T- 40 MIN 
tay = (3/2) T - 80 MIN 
tLpr - (4/2) T - 180 MAX 
NOTE: Nis equal to the total WAIT states. 
Tetcye 
% INPUT 
cLK 
OuTPUT 


Figure 10. Clock Timing Waveform 
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8085A-2 (Preliminary) 


ta — (1/2) T- 50 MIN 
trek — _(1/2)T-50 MIN 
= (1/2) T - 40 


(5/2 + N) T - 150 


—- — (1/2)T-10 


Tea = (1/2) T- 40 MIN 
tow = (3/2+N)T-70 MIN 
bie = (1/2)T-40 MIN 
tec = (3/2+N)T-70 MIN 
tet = (1/2) T - 75 MIN 
tary — (3/2) T- 200 MAX 
tha = (1/2) T - 60 MIN 
tLor es (4/2) T- 130 MAX 

NOTE: _N is equal to the total WAIT states. 


T= tcye. 
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Read Operation 


AeAis 


ALE 


RO/INTA 


Write Operation | 


CLK 


Ro mooness atau 

| (| T, 

x AODRESS A DATA OUT A 
q 


‘DW 


Read operation with Walt Cycle (Typical) — same READY timing applies to WRITE operation. 


| us) | tr | Twarr | ts | y 
| 


cLK 


AaAis 


ADp-ADy 


Rt tie = — ta 


tara —= I. 


ALE 


Figure 11. 8085A Bus Timing, With and Without Wait 
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Hold Operation 


(ADDRESS, CONTROLS} 


y | 
A \ 
ais aa ae 
V | 
oD GD on OT ene 


BUS FLOATING® 
ALE , 


| 
| ; a 
| 


‘wage 


‘tins ‘on 
HOLO 
‘nos ‘HoH 
HLDA fl 
‘wack ‘waar *10/M 1S ALSO FLOATING DURING THIS TIME. 
Figure 13. 8085A Interrupt and Hold Timing 
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TABLE 8. INSTRUCTION SET SUMMARY 


Instruction Code(1| Clock(2) Instruction Code(1| Clock(2) 
Mnemonic Description O7 05 O, O4 03 O2 01 Op Cycles Mnemonic Oescription 07 Dg Os O« D3 O2 01 Do Cycles 
MOVE. LOAD. AND STORE CPE Call on parity even 141 40% 1 0 0 9718 
MOVet 2 Move register loregste 0 1000S S S 4 cPo Call on parity odd 111001 0 0 9718 
MOV Mr Move register lomemory 0 1110S S S 7 RETURN 
MOVi'M Move memory toregisie 0 1000110 7 RET Return 11001001 #19 
MVIr Move immediate reqsie 0 0000110 7 RC Return on carry 1101 1 0 0 0 612 
MVIM Move immediate memory 0 0 1 101 10 «10 RNC Return on no carry 1101 00 0 0 6112 
LxIB Load immediate regstee 00000001 10 RZ Return on zero 11001 00 0 612 
Par B&C RNZ Return on no zero 11000 00 0 612 
LxiD Load immediate register 0 0 010001 10 RP Return on positive 111 100 0 0 612 
Par D&E RM Return on minus yet tt 000 2 
UxlH Load immediate register 0 0 100001 10 RPE Return on parily even 11104 00 0 612 
ae RPO Return on party odd = 1 1: 1:00:00 0 BIR 
Lx SP Load immediate stack 00110001 0 RESTART 
pointer 
STAXB Store A indirect 00000010 7 BST Restart BPR RASS Ne 
STAX D Store A induect 00010010 7 INPUT/QUTPUT 
LOAX B Load A indirect 00001010 7 IN Input ee ae ee a a 
LOAX 0 Load A inauect 00011010 7 out Output '1orodord 0 
STA Store A direct 00110010 1 INCREMENT AND DECREMENT 
LOA Load A direct oorr101r0 INR r Increment register oooo0d0 100 4 
SHLD Store H&L direct 00100010 6 OCR r Decrement register ooo00101 4 
LHLD Load H&L duect 00101010 16 INR M Increment memory 00110100 10 
XCHG ExchangeD&E. H&L 1110310171 4 OCRM Decrement memory 001101401 10 
Registers INX B Increment B & C 00000 01585 6 
STACK OPS registers 
PUSH B Push reg:ster Par 8 & 110001071 ~= 12 INX D Increment D&E 000310011 6 
C on stack fegisters 
PUSH D Push register Paw 0 & 11010101 = 12 INX H Increment H&L 0010001 1 6 
E on stack registers 
PUSH H Push requster Pair H & 111001041 12 INX SP Increment stack pointer 001100148 6 
Lon stack ocx 8 Decrement 8 &C 00001011 6 
PUSH PSW Push A and Flags 1414 01 0 1 = «12 DCX D Decrement 0 & E 00011011 6 
onstack OCx H Decrement H & L oo101011 6 
POP B Pop register Pair B& 11000001 10 OCx SP Decrement stack 00111011 6 
C off stack pointer 
POP D Pop register Pair 0 & 11010001 10 
E off stack ago 
POP H Popregister ParH& 11100001 10 AUDI Add cegistertoiA £05.30: 10 00S. S'S, <4 
L off stack AOC r Add register to A 1oo0oo01rsss 4 
POP PSW Pop A and Flags 11110001 10 withicatey 
off stack ADD M Add memory to A 10000411 0 7 
XTHL Exchange top of 11100011 16 ADC M Add memory to A 1000117110 7 
SRC SG AO! aa eer 110001 10 7 
SPHL H &L to stack pointer 1141411001 6 Aci Add animediaieigeA fae wa Pak Oe 
JUMP with carry 
JMP Jump unconditional 1100001 1 #10 DAD B Add B&CIOHEL 00001001 
J Jump on carry ror to 1 0 710 OAD 0 Add D& EtOH BL 00011001 10 
INC Jump on no carry 1101001 0 710 DAD H ADDH&LIOHBL 001031001 = 
Jz Jump on zero 110010 1 0 7410 OAD SP Add stack pointer to 00311 1001 #10 
JNZ Jump on no zero 1100001 0 7:10 H&L 
JP Jump on positive 1144001 0 7/10 SUBTRACT 
JM Jump on minus Yr tt 10 1 0 7110 SuB r Subtract register 10010S SS 4 
JPE Jump on parity even 1110101 0 7/10 from A 
IPO Jump on parity odd 11100010 710 SBBr Subtract register from 1oo01r1S SS 4 
PCHL H&L to program 11101001 6 petty bortow 
counter SUB M Subtract memory 10010110 #7 
from A 
CALL SBBM Subtract memgry from 10011 14 10 7 
CALL Call unconditional 11003113045 18 A with borrow 
cc Call on carry 110 1 41 10 0 9718 sut Subtract immediate 11010110 7 
CNC Call on no carry 110101 00 918 trom A 
cz Call on zero 11001 1 00 918 SBI Subtract immediate 1101 4910 7 
cNnz Call on no zero 11000100 918 from A wilh borrow 
cp Call on positive 1144015 0 0 9718 LOGICAL 
CM Call on minus 1144 4 1 0 0, 9718 ANAL And register with A 1oroosss 4 
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TABLE 8. INSTRUCTION SET SUMMARY (Continued) 


Instruction Coae{)} Clocki2} Instruction Code{1) Clocty2) 

Mnsmonic Oescription Oy Dg Os Dg 03 Dy 0, Oy Cycles Mnemonic Description 07 Og Os Dy 03 O07 01 Oo Cycles 
XRAr Exclusive O1 register 1O101S SS 4 RAL Rotate A left through 0003181017 3713 #4 

wihA cary 
ORAr Or register with A 1o0110SS 8S 4 RAR Rotate A night through 000rtr Edd 4 
CMPr CompareregisteswithA 1 0111S S$ S$ 4 Carty 
ANAM And memory with A 1701003110 7 SPECIALS 
XRAM Exclusive Or memory 101017110 7 CMA Complement A 00310177 11 4 

with A SIC Set carry oorrorrns 4 
ORAM Or memory with A roOrroriro 7 CMC Complement carty oorrrvddsd 4 
CMP M Compare memory withA 1 0 11 1110 «7 DAA Decimal adjust A oo1ro0o01r11 48 
ANI And immediate with A 11100110 7 

CONTROL 

XR Exclusive immediate ot 13101110 #7 fl Enable interrupts 7 4 RAO a 
ont Or immediate with A vr1110110 7 o Disable Interrupt Ud AL OO Pa A 
cP Compare immediate tryrrd1.0 7 NOP No-operation oooo00000 4 

wilh A HLT Halt orr1o410 5 
ROTATE NEW 8085A INSTRUCTIONS 
RLC Rotate A left oo0oo0o0o01r1r1 4 RIM Read Interrupt Mask 00100000 4 
RRC Rotate A night oo0ooo1r8 118 4 SIM Set Interrupt Mask 003110000 4 


NOTES 1 DOD or SSS B 000. C 001 D 010 E 011 H 100 L 101 Memory 110 A 111 
2. Two possible cycle times. (6/12) inaicate instruction cycles dependent on condition tiags 


“All mnemonics copyright Intel Corporation 1977 


8155/8156/8155-2/8156-2 
2048 BIT STATIC MOS RAM WITH I/O PORTS AND TIMER 


Compatible 
8085A 8085A-2 CPU Chip 
Enable 


| 8155-2, | ACTIVE LOW 
| 8156-2. | ACTIVE HIGH 


@ 256 Word x 8 Bits @ 1 Programmable 6-Bit I/O Port 

@ Single +5V Power Supply @ Programmable 14-Bit Binary Counter/ 
m@ Completely Static Operation Timer 

@ Internal Address Latch @ Multiplexed Address and Data Bus 

™@ 2 Programmable 8 Bit I/O Ports m 40 Pin DIP 


The 8155 and 8156 are RAM and I/O chips to be used in the MCS-85™ microcomputer system. The RAM portion is designed 
with 2048 static cells organized as 256 x 8. They have a maximum access time of 400 ns to permit use with no wait states 
in 8085A CPU. The 8155-2 and 8156-2 have maximum access times of 330 ns for use with the 8085A-2. 


The 1/O portion consists of three general purpose I/O ports. One of the three ports can be programmed to be status pins, 
thus allowing the other two ports to operate in handshake mode. 

A 14-bit programmable counter/timer is also included on chip to provide either a square wave or terminal count pulse for 
the CPU system depending on timer mode. 


PIN CONFIGURATION BLOCK DIAGRAM 


PC, 
PC, 
TIMER IN 
RESET 


10/M 
CE OR CE’ 


©@Oroanawn = 


pte 8155/ 
WR 8156 
ALE 8155-2/ 
ADy 8156-2 


= (sv) 


TimER OUT Veg (OV) 


*: 8155/8155-2 = CE, 8156/8156-2 = CE 
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8155/8156 PIN FUNCTIONS 


Symbol Function 
RESET Pulse provided by the 8085A to ini- 
(input) tialize the system (connect to 8085A 


RESET OUT). Input high on this line 
resets the chip and initializes the 
three I/O ports to input mode. The 
width of RESET pulse should typically 
be two 8085A clock cycle times. 


ADo-7 3-state Address/Data lines that inter- 

(input) face with the CPU lower 8-bit Ad- 
dress/Data Bus. The 8-bit address is 
latched into the address latch inside 
the 8155/56 on the falling edge of 
ALE. The address can be either for 
the memory section or the I/O section 
depending on the IO/M input. The 
8-bit data is either written into the 
chip or read from the chip, depending 
on the WR or RD input signal. 


CE or CE Chip Enable: On the 8155, this pin is 
(input) CE and is ACTIVE LOW. On the 8156, 

this pin is CE and is ACTIVE HIGH. 
RD Read control: input low on this line 
(input) with the Chip Enable active enables 


and ADo-7 buffers. If 1O/M pin is low, 
the RAM content will be read out to 
the AD bus. Otherwise the content 
of the selected I/O port or command/ 
Status registers will be read to the 


AD bus. 
WR Write control: Input low on this line 
(input) with the Chip Enable active causes 


the data on the Address/Data bus to 
be written to the RAMor I/O ports and 
command/status register depending 
on |0/M 
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Symbol 


ALE 
(input) 


10/M 

(input) 
PAo-7(8) 
(input/output) 


PBo-7(8) 
(input/output) 


PCo-5(6) 
(input/output) 


TIMER IN 
(input) 


TIMER OUT 


(output) 


Vcc 
Vss 


Eunction 


Address Latch Enable: This control 
signal latches both the address on the 
ADo-7 lines and the state of the Chip 
Enable and 1O/M into the chip at the 
falling edge of ALE. 


Selects memory if low and I/O and 
command/status registers if high. 


These 8 pins are general purpose I/O 
pins. The in/out direction is selected 
by programming the command 
register. 


These 8 pins are general purpose I/O 
pins. The in/out direction is selected 
by programming the command 
register. 


These 6 pins can function as either 
input port, output port, or as control 
signals for PA and PB Programming 
is done through the command reg- 
ister. When PCo-s are used as control 
signals, they will provide the fol- 
lowing: 

PCo — A INTR (Port A Interrupt) 
PC1 — ABF (Port A Buffer Full) 
PC2— A STB (Port A Strobe) 

PC3 — B INTR (Port B Interrupt) 
PC4 — B BF (Port B Buffer Full) 
PCs — B STB (Port B Strobe) 


Input to the counter-timer. 


Timer output. This output can be 
either a square wave or a pulse de- 
pending on the timer mode. 


+5 volt supply. 
Ground Reference. 


8155/8156/8155-2/8156-2 


DESCRIPTION 

The 8155/8156 contains the following: 

¢ 2k Bit Static RAM organized as 256 x 8 

¢ Two 8-bit I/O ports (PA & PB) andone6-bit I/O port (PC) 
¢ 14-bit timer-counter 

The 1O/M (lO/Memory Select) pin selects either the five 
registers (Command, Status, PAo-7, PBo-7, PCo-s) or 
the memory (RAM) portion. (See Figure 1.) 

The 8-bit address on the Address/Data lines, Chip Enable 


input CE or CE, and IO/M are all latched on-chip at the 
falling edge of ALE. (See Figure 2.) 


8-BIT INTERNAL DATA BUS 


Figure 1. 8155/8156 Internal Registers 


CE (8155) 
OR 


CE (8156) 


1o/M 


Y 
ADy.7 Xx ADDRESS 


ALE 


NOTE: FOR DETAILED TIMING INFORMATION, SEE FIGURE 12 AND A.C. CHARACTERISTICS. 


Figure 2. 8155/8156 On-Board Memory Read/Write Cycle 
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PROGRAMMING OF THE 
COMMAND REGISTER 


The command register consists of eight latches. Four 
bits (0-3) define the mode of the ports, two bits (4-5) 
enable or disable the interrupt from port C when it acts 
as control port, and the last two bits (6-7) are for the timer. 


The command register contents can be altered at any 
time by using the I/O address XXXXX000 during a WRITE 
operation with the Chip Enable active and 10/M = 1. The 
meaning of each bit of the command byte is defined in 
Figure 3. The contents of the command register may 
never be read. 


7 6 &§ 4 3 2 1 0 
[tara] te5] rea] rea] rex] ro] va 


DEFINES PAg7 


0 = INPUT 

DEFINES PBg7 | |” OUTPUT 

00 = ALT 1 

lie Si 
DEFINES PCos ci: att 2 

We ALT 4 
ENABLE PORTA 
INTERRUPT 1 = ENABLE 
ENABLE PORTB | 0 = DISABLE 


INTERRUPT 


00 = NOP — DO NOT AFFECT COUNTER 
OPERATION 


01 = STOP — NOP IF TIMER HAS NOT STARTED; 
STOP COUNTING IF THE TIMER IS 
RUNNING 


10 = STOP AFTER TC — STOP IMMEDIATELY 
AFTER PRESENT TC IS REACHED {NOP 
UF TIMER HAS NOT STARTED) 

11 © START — LOAD MODE AND CNT LENGTH 
AND START IMMEDIATELY AFTER 
LOADING (IF TIMER IS NOT PRESENTLY 
RUNNING). IF TIMER IS RUNNING, START 
THE NEW MODE AND CNT LENGTH 
IMMEDIATELY AFTER PRESENT TC 
4S REACHED. 


TIMER COMMANI 


— 


Figure 3. Command Register Bit Assignment 
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READING THE STATUS REGISTER 


The status register consists of seven latches, one foreach 
bit; six (0-5) for the status of the ports and one (6) for the 
status of the timer. 


The status of the timer and the I/O section can be polled 
by reading the Status Register (Address XXXXX000). 
Status word format is shown in Figure 4. Note that you 
may never write to the status register since the command 
register shares the same I/O address and the command 
register is selected when a write to that address is issued 


AD, ADs ADs ADs AD3 ADz AD: ADo 


SZ INTE] B JINTRIINTE INTR 
TIMER 
Xx! ERla [er] eB | a A 


PORT A INTERRUPT REQUEST 


PORT A BUFFER FULL/EMPTY 
(INPUT/OUTPUT) 


PORT A INTERRUPT ENABLE 
PORT B INTERRUPT REQUEST 


PORT 6 BUFFER FULL/EMPTY 
{INPUT/OUTPUT) 


PORT B INTERRUPT ENABLED 


TIMER INTERRUPT (THIS BIT 
IS LATCHED HIGH WHEN 
TERMINAL COUNT IS 
REACHED, AND IS RESET TO 
LOW UPON READING OF THE 
C/S REGISTER AND BY 
HARDWARE RESET). 


Figure 4. Status Register Bit Assignment 


8155/8156/8155-2/8156-2 


INPUT/OUTPUT SECTION 


The I/O section of the 8155/8156 consists of five registers: 
(See Figure 5.) : 


e Command/Status Register (C/S) — Both registers are 
assigned the address XXXXX000. The C/S address 
serves the dual purpose. 


When the C/S registers are selected during WRITE 
Operation, a command is written into the command 
register. The contents of this register are not accessible 
through the pins. 


When the C/S (XXXXX000) is selected during a READ 
operation, the status information of the I/O ports and 
the timer becomes available on the ADo-7 lines. 


© PA Register — This register can be programmed to be 
either input or output ports depending on the status of 
the contents of the C/S Register. Also depending on 
the commang, this port can operate in either the basic 
mode or the strobed mode (See timing diagram). The 
\/O pins assigned in relation to this register are PAo-7. 
The address of this register is XXXXX001. 


PB Register — This register functions the same as PA 
Register. The I/O pins assigned are PBo-7. The address 
of this register is XXXXX010. 


© PC Register — This register has the address XXXXX011 
and contains only 6 bits. The 6 bits can be program- 
med to be either input ports, output ports or as control 
signals for PA and PB by properly programming the 
ADz2 and ADs bits of the C/S register. 
When PCo-s is used as a control port, 3 bits are 
assigned for Port A and 3 for Port B. The first bit is an 
interrupt that the 8155 sends out. The second is an 
output signal indicating whether the buffer is full or 
empty, and the third is an input pin to accept a strobe 
for the strobed input mode. (See Table 1.) 


When the 'C’ port is programmed to either ALT3 or ALT4, 
the control signals for PA and PB are initialized as follows: 


INPUT MODE OUTPUT MODE 
Low Low 


High 
Input Control 


CONTROL 


Low 
Input Control 
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[ _ woaopresst | ADORESSt 
MI Ic) 


0 Interval Command/Status Register 
tt) 
1 
1 
0 
0 


General Purpose I/O Port A 
X Don't Care. 


General Purpose 1/O Port 8 
Port C — General Purpose I/O or Controt 
t: 1/0 Address must be qualified by CE = 1181561 0r CE =0(8155iand 10/M = inorder 
to select the appropriate register. 


Low-Order 8 bits of Timer Count 
High 6 bits of Timer Count and 2 bits 
of Timer Mode 


xxx KK 
=~-o000 


Figure 5. 1/O port and Timer Addressing Scheme 


Figure 6 shows how !/O PORTS A and B are structured 
within the 8155 and 8156: 


8155/8156 
ONE BIT OF PORT AOR PORT B 


OUTPUT 
D LATCH 


cuk_ CLA 


OUTPUT 
ENABLE 


INTERNAL DATA BUS 


READ PORT 


NOTES: 

(1) OUTPUT MODE 
(2) SIMPLE INPUT 
(3) STROBED INPUT 


(4) = 1 FOR OUTPUT MOOE 


MULTIPLEXER = 0 FOR INPUT MODE 


CONTROL 


READ PORT = (10/M=1)  (AD=0) ¢ (CE ACTIVE) ¢ (PORT ADDRESS SELECTED) 
WRITE PORT = (10/M=1) ¢ (WR=0) © (CE ACTIVE) ¢ (PORT ADDRESS SELECTED) 


Figure 6. 8155/8156 Port Functions 


8155/8156/8155-2/8156-2 


TABLE 1. TABLE OF PORT CONTROL ASSIGNMENT. 


Input Port Output Port 


Input Port Output Port 
Input Port Output Port 
Input Port Output Port 
Input Port Output Port 


Input Port Output Port 


Note in the diagram that when the I/O ports are pro- 
grammed to be output ports, the contents of the output 
ports can still be read by a READ operation when appro- 
priately addressed. 


The outputs of the 8155/8156 are “glitch-free” meaning 
that you can write a 1" to a bit position that was previ- 
ously “1” and the level at the output pin will not change. 


Note also that the output latch is cleared when the port 
enters the input mode. The output latch cannot be loaded 
by writing to the port if the port is in the input mode. The 
result is that each time a port mode is changed from input 
to output, the output pins will go low. When the 8155/56 
is RESET, the output latches are all cleared and all 3 ports 
enter the input mode. 


When in the ALT 1 or ALT 2 modes, the bits of PORT C 
are structured like the diagram above in the simple input 
or Output mode, respectively. 


Reading from an input port with nothing connected to the 
pins will provide unpredictable results. 


Figure 7 shows how the 8155/8156 I/O ports might be 
configured in a typical MCS-85 system. 


A INTR (Port A Interrupt) 
A BF (Port A Buffer Full) 
A STB (Port A Strobe) 


A INTR (Port A Interrupt) 
A BF (Port A Buffer Full) 
A STB (Port A Strobe) 
B INTR (Part B Interrupt) 
B BF (Port B Buffer Full) 
B STB (Port B Strobe) 


Output Port 
Output Port 
Output Port 


TO 8085 RST INPUT 


A INTR (SIGNALS DATA RECEIVED) 
ABF (SIGNALS DATA READY) 
ASTB {ACKNOWL DATA RECEIVED) 
B STB (LOADS PORT B LATCH) 

8 BF (SIGNALS BUFFER IS FULL) 


B INTR (SIGNALS BUFFER 
READY FOR READING) 


8155/8156 


TO/FROM 
PERIPHERAL 
INTERFACE 


PORTC 


TO 8085 INPUT PORT (OPTIONAL] 
TO 8085 RST INPUT 


Figure 7. Example: Command Register = 00111001 
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TIMER SECTION 


The timer is a 14-bit down-counter that counts the TIMER Note that while the counter is counting, you may load a 
IN pulses and provides either a square wave or pulse new count and mode into the count length registers. 
when terminal count (TC) is reached. Before the new count and mode will be used by the 
The timer has the I/O address XXXXX100 for the low order counter, you must issue a START command to the 
byte of the register and the I/O address XXXXX101 for counter. This applies even though you may only want to 
the high order byte of the register. (See Figure 5). change the count and use the previous mode. 

To program the timer, the COUNT LENGTH REG is In case of an odd-numbered count, the first half-cycle 
loaded first, one byte at a time, by selecting the timer of the squarewave output, which is high, is one count 
addresses. Bits 0-13 of the high order count register will longer than the second (low) half-cycle, as shown in 
specify the length of the next count and bits 14-15 of the Figure 10. 


high order register will specify the timer output mode 
(see Figure 8). The value loaded into the count length | 
register can have any value from 2H through 3FFH in \ 


Bits 0-13. 
- | | | 
7 6 5 4 3 2 1 0 = 
Cee oe re 
L a | Sees = —J 
TIMER MODE MSB OF CNT LENGTH —>} 5 


NOTE: 5 AND 4 REFER TO THE NUMBER OF CLOCKS IN THAT TIME PERIOD 


7 6 5 4 3 2 «1 0 ’ 
SSR AS PEELE SY RMU SAEED 
Figure 10. Asymmetrical Square-Wave Output Resulting 


- from Count of 9 


LSB OF CNT LENGTH 


The counter in the 8155 is not initialized to any particular 


Figure:6. Timer:Format mode or count when hardware RESET occurs, but RESET 


There are four modes to choose from: M2 and M1 define does stop the counting. Therefore, counting cannot begin 

the timer mode, as shown in Figure 9. following RESET until a START command is issued via 
the C/S register. 

TIMER OUT WAVEFORMS: Please note that the timer circuit on the 8155/8156 chip 

MODE START TERMINAL (Teent*) is designed to be a square-wave timer, not an event 

arts COUNT: COUN SOUND counter. To achieve this, it counts down by twos twice 

M2 My i | iesulecees in completing one cycle. Thus, its registers do not con- 


0 0 SQUARE WAVE tain values directly representing the number of TIMER IN 


pulses received. You cannot load an initial value of 1 into 

on. “ae? CONTINUOUS Sl ee the count register and cause the timer to operate, as its 

terminal count value is 10 (binary) or 2 (decimal). (For 

SNe OSS co, the detection of single pulses, it is suggested that one 

1 © PULSE ON U of the hardware interrupt pins on the 8085A be used.) 

TERMINAL COUNT. After the timer has started counting down, the values 

114 CON oe Deen Y oe residing in the count registers can be used to calculate 

the actual number of TIMER IN pulses required to com- 

plete the timer cycle if desired. To obtain the remaining 
count, perform the following operations in order: 


Figure 9. Timer Modes 
Bits 6-7 (TM2 and TM1) of command register contents 


are used to start and stop the counter. There are four 1. Stop the count 
commands to choose from: : 
2. Read in the 16-bit value from the count length registers 
TM2 ™1 : 

) 0 NOP — Donotaffect counter operation. 3. Reset the upper two mode bits 

i¢) 1 STOP — NOP if timer has not started; 4. Reset the carry and rotate right one position all 16 bits 
stop counting if the timer is running. through carry 

1 0 STOP AFTER TC — Stop immediately 5. If carry is set, add 1/2 of the full original count (1/2 full 
after present TCis reached (NOPif timer count — 1 if full count is odd). 
has not started) 

1 1 START — Load mode and CNT length Note: If you started with an odd count and you read the 
and start immediately after loading (if count length register before the third count pulse occurs, 
timer is not presently running). If timer you will not be able to discern whether one or two counts 
is running, start the new mode and CNT has occurred. Regardless of this, the 8155/56 always 
length immediately after present TC is counts out the right number of pulses in generating the 
reached. TIMER OUT waveforms. 
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EXAMPLE PROGRAM 


Following is an actual sequence of program steps that adjusts the 8155/56 count register 
contents to obtain the count, extracted from Intel® Application Note AP38. “Application 
Techniques for the Intel 8085A Bus.” First store the value of the full original count in register 
HL of the 8085A. Then stop the count to avoid getting an incorrect count value. Then sample 
the timer-counter, storing the lower-order byte of the current count register in register C and 
the higher-order count byte in register B. Then, call the following 8080A/8085A subroutine: 


ADJUST, 78 MOV A,B ;Load accumulator with upper half 
; Of count. 


E63F ANI 3F ;Reset upper 2 bits and clear carry. 


1F RAR ‘Rotate right through carry. 

47 MOV B,A Store shifted value back in B. 

79 MOV A,C iLoad accumulator with lower half. 
1F RAR ;Rotate right through carry. 

4F MOV C,A Store lower byte in C. 


ie) RNC iIf in 2nd half of count, return. 
sIf in 1st half, go on. 


3F CMC Clear carry. 


7¢ MOV A,H ;Divide full count by 2. (If HL 
3is odd, disregard remainder.) 


1F RAR 

67 MOV H,A 

7D MOV A,L 

1F RAR 

6F MOV L,A 

09 DAD B ;Double-precision add HL and BC. 
44 MOV B,H :Store results back in BC. 

4D MOV C,L 

cg RET ;Return. 


After executing the subroutine, BC will contain the remaining count in the current count cycle. 
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8085A MINIMUM 
SYSTEM CONFIGURATION 


Figure 11 shows a minimum system using three chips, 
containing: 


256 Bytes RAM 
2K Bytes ROM 
38 I/O Pins 

1 Interval Timer 
4 Interrupt Levels 


Lacaov] ¢ |_| 


Vee 


8355 |ROM + 1/01 
R 


8755 [PROM + 1/0) 


"NOTE: OPTIONAL CONNECTIONS 


Figure 11. 8085A Minimum System Configuration. (Memory Mapped I/O) 
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ABSOLUTE MAXIMUM RATINGS* “COMMENT: Stresses above those listed under “Absolute 


Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


Temperature Under Bias ............000- 0°Cto+70°C tion of the device at these or any other conditions above 
Storage Temperature ............-5- -65°C to +150°C those indicated in the operational sections of this specifi- 
Voltage on Any Pin cation is not implied. Exposure to absolute maximum 

With Respect to Ground -0.5V to +7V rating conditions for extended periods may affect device 
Power Dissipation ...........ceee cece eee ee enee 1.5W reliability. 


D.C. CHARACTERISTICS (tq = 0°C to 70°C; Voc = 5V + 5%) 


TEST CONDITIONS 


Output Low Voltage 
Output High Voltage 


Vin = Vcc to OV 
0.45V < Vout S Vcc 


Chip Enable Leakage 
8155 
8156 


Vin = Vec to OV 
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8155/8156/8155-2/8156-2 
a 


A.C. CHARACTERISTICS (tT, = 0°C to 70°C; Voc = 5V + 5%) 
8155/8156 8155-2/8156-2 


(Preliminary) 
UA [Aaron Hold Tinwofer Lancy | i r 
Se oO 
tnse [READ toButterEmey | | oof s00 ds 
u TIMER:IN Low Time es ae A ee 
i ee ee ee 


t2 TIMER-IN High Time 
§ 


a 


WAVEFORMS 
a. Read Cycle 


CE (8155) 
oR 


CE (8156) 


ADy7 


ALE 


b. Write Cycle 


TE (8155) 
oR 


CE (8156) 


10/M 


ADy 


ALE 


8155/8156/8155-2/8156-2 


. E = oP 


‘aor 


te fer 
tee ———— ——— tav 


\/ 
ADDRESS DATA VALID » 
=a. > Ga 


tow to 


tuo ‘e-————> } two —— 


Figure 12. 8155/8156 Read/Write Timing Diagrams 
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a. Strobed Input Mode 


BF 


INTR 


INPUT DATA 
FROM PORT 


b. Strobed Output Mode 


BF 


STROBE 


INTR 


OUTPUT DATA 
TO PORT 


, 
A 


Figure 13. Strobed !/O Timing 
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i he SS 


a. Basic Input Mode 


INPUT 


DATA BUS® x 


b. Basic Output Mode 


DATA BUS® 


OUTPUT 


*DATA BUS TIMING IS SHOWN IN FIGURE 7. 


Figure 14. Basic 1/O Timing Waveform 


RELOAD COUNTER FROM CLR —+| 
s | 4 | 3 I 2 1 1 5 I 


LOAD COUNTER FROM CLR =I 
l 2 t 1 


TIMER IN 


TIMER OUT 
(PULSE) s (NOTE 1) / 
we moan S 


TIMER OUT 


\ / 
(SQUARE WAVE) 


\ (NOTE 1) 7 


ee ed 


NOTE 1; THE TIMER OUTPUT IS PERIODIC IF IN AN AUTOMATIC 
RELOAD MODE (M, MODE BIT = 1) 


Figure 15. Timer Output Waveform Countdown from 5 to 1 
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intel 
8185*/8185-2** 
1024 x 8-BIT STATIC RAM FOR MCS-85~ 


*Compatible with 8085A 
**Compatible with 8085A-2 


a Multiplexed Address and Data Bus gw Low Standby Power Dissipation 


=u Directly Compatible with 8085A 


Microprocessor a single +3y Supply 


mg Low Operating Power Dissipation w High Density 18-Pin Package 


The Intel® 8185 is an 8192-bit static random access memory (RAM) organized as 1024 words by 8-bits using N-channel 
Silicon-Gate MOS technology. The multiplexed address and data bus allows the 8185 to interface directly to the 8085A 
microprocessor to provide a maximum level of system integration 


The low standby power dissipation minimizes system power requirements when the 8185 is disabled. 
The 8185-2 is a high-speed selected version of the 8185. 


PIN CONFIGURATION BLOCK DIAGRAM 


BUS 
BUFFER 


PIN NAMES 


ADDRESS/DATA LINES 
ADDRESS LINES 

CHIP SELECT 7” 
CHIP ENABLE (10/M) 
CHIP ENABLE 
ADDRESS LATCH ENABLE 
REAO ENABLE 

WRITE ENABLE 
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OPERATIONAL DESCRIPTION 


The 8185 has been designed to provide for direct interface 
to the multiplexed bus structure and bus timing of the 
8085A microprocessor. 


At the beginning of an 8185 memory access cycle, the 8- 
bit address on ADo-7, As and Ag, and the status of CE; and 
CEz are all latched internally in the 8185 by the falling edge 
of ALE. If the latched status of both CE; and CE2 are 
active, the 8185 powers itself up, but no action occurs until 
the CS line goes low and the appropriate RD or WRcontrol 
signal input is activated. 


The CS input is not latched by the 8185 in order to allow 
the maximum amount of time for address decoding in 
selecting the 8185 chip. Maximum power consumption 
savings will occur, however, only when CE; and CE? are 
activated selectively to power down the 8185 when itis not 
in use. A possible connection would be to wire the 8085A's 
1O/M line to the 8185's CE; input, thereby keeping the 
8185 powered down during I/O and interrupt cycles. 


TABLE 1. 
TRUTH TABLE FOR 
POWER DOWN AND FUNCTION ENABLE 


8185 Status 


Power Down and 
Function Disablej1) 


Power Down and 
Function Disablej1) 


Powered Up and 
Function Disablej1) 


Powered Up and 
Enabled 


Notes: 


X: Don't Care. 


1: Function Disable implies Data Bus In high impedance state 
and not writing. 


2: CS* = (CE1 = 0) + (CE2 = 1) + (CS =0) 
CS* = 1 signities all chip enables and chip select active 


TABLE 2. 
TRUTH TABLE FOR 
CONTROL AND DATA BUS PIN STATUS 


ADo.7 During Data 

Portion of Cycle {8185 Function 
Hi-Impedance No Function 
Data from Memory|Read 


Data to Memory {Write 
Hi-Impedance 


a 


Reading, but not 
Driving Data Bus 


Note: 
X: Don't Care. 
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RESET 


Figure 1. 8185 in an MCS-85 System. 


4 Chips: 
2K Bytes ROM 
1.25K Bytes RAM 
38 1/0 Lines 
1 Counter/Timer 
2 Serial I/O Lines 
5 Interrupt Inputs 


OuT 


% > 
My Py 

ABSOLUTE MAXIMUM RATINGS* oy 
Temperature Under Bi 0°C to +70°C Peete tint, be 

p GSE SIAS) roy siebisiors tereisiels 3 9 a Stresses above those listed under “Absolute Maximum Ratings” A jse@ 
Storage Temperature ..........++-- -65°C to +150°C permanent damage to the device. This is a stress rating onty, aft JuNCLON 
Voltage on Any Pin operation of the device at these or any other condition%zal ie 

3 indicated in the operational sections of this specification is frpt lent J 
with Respect to Ground .......... sere 70.5V to +7V Exposure to absolute maximum rating conditions for extended, panjod 
Power Dissipation .......ceeeceeeeeeceeeeeevees 1.5W may affect device reliability. bm 
Gy $, ys 
my, 


D.C. CHARACTERISTICS (Ta =0°C to 70°C; Vcc = 5V + 5%) 


Vcc Supply Current 
Powered Up 
Powered Down 


| 
{ 
| 
A.C. CHARACTERISTICS (Ta =0°C to 70°C; Vcc = 5V + 5%) 
= 
Preliminary Preliminary 
vas | a EP 
ua | Address Hold Time aterteton |e | | ao [| ns | 
we | Latch to READWAITE Control +f oo [| «| | ns | 
rma Ee C(O | 
tor | Data BusFlostAtterREAD +t oe | wo | o | @0 | ns | 
tow | Data Into WRITE SetUptime | _ts0 | | 160 [| ns | 
wo | Data inHold Time atrwrire | 20 | (| 2 | [as | 
tact | Chip Enable SetUptoALeFaling | 90 | | 1 | [ns 


Notes: 

1. All AC parameters are referenced at 
a) 2.4V and .45V for inputs 
b) 2.0V and .8V for outputs. 
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8185/8185-2 


5| 
al 


7 n eer 
(Vfornall se 
C iy, 


ADp AD7 
(Ag. Ag) 


tle 


ADo-AD7 


(SELECTED) 


(DESELECTED) 


Figure 2. 8185 Timing. 
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intel 
8355*/8355-2** 


16,384-BIT ROM WITH I/O 
*Directly Compatible with 8085A CPU 
**Directly Compatible with 8085A-2 


w= 2048 Words x 8 Bits ws Each I/O Port Line Individually 
; Programmable as Input or Output 


a Single +5V Power Supply 
a‘ intemmel Address Latch a Multiplexed Address and Data Bus 


m= 2 General Purpose 8-Bit I/O Ports a 40-Pin DIP 


The Intel® 8355 is a ROM and I/O chip to be used in the MCS-85™ microcomputer system. The ROM portion is organized as 
2048 words by 8 bits. It has a maximum access time of 400 ns to permit use with no wait states in the 8085A CPU. 


The I/O portion consists of 2 general purpose I/O ports. Each I/O port has 8 port lines, and each I/O port line is indivdu- 
ally programmable as input or output. 


The 8355-2 has a 300ns access time for compatibility with the 8085A-2 microprocessor. 


PIN CONFIGURATION BLOCK DIAGRAM 
c,d 40 DP %\e 
ce,Qj2 39 Des, 
cuk(]3 38 DPe, 
Reset (J 4 37D Pe, 
N.C. (NOT CONNECTED) CJ 5& 36D Pe, 


RDC] 9 ga5sraass.2 2? [Pb 
fow CJ 10 a1 Pa, 
ace) 30 DPA, 
AD, CJ 12 29 pa, 
AD, 28 DPA, 
AD, 27D) 
AD, 26[ PA, 
AD, 25D, 
AD, 24D)Pa, 
AD, 23D Ar 
AD, 22a, 
Mss aa, 
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8355/8355-2 


Symbol 


ALE 
(Input) 


ADo-7 
(Input) 


As-10 
(Input) 


CEi 
CE2 
(Input) 


10/M 
(Input) 


RO 


(Input) 


lOWw 
(Input) 


Function 


When ALE (Address Latch Enable is 
high, ADo-7, 10/M, As-10, CE, and CE 
enter address latched. The signals 
(AD, 10/M, Ag-10, CE, CE) are latched 
in at the trailing edge of ALE. 


Bidirectional Address/Data bus. The 
lower 8-bits of the ROM or |/O address 
are applied to the bus lines when ALE 
is high. 

During an I/O cycle, Port A or B are 
selected based on the latched value of 
ADo. If RD or IOR is low when the latched 
chip enables are active, the output 
buffers present data on the bus. 


These are the high order bits of the ROM 
address. They do not affect I/O oper- 
ations. 


Chip Enable Inputs: CE: is active low 
and CE? is active high. The 8355 can be 
accessed only when BOTH Chip En- 
ables are active at the time the ALE 
signal latches them up. If either Chip 
Enable input is not active, the ADo-7 
and READY outputs will be in a high 
impedance state. 


If the latched 10/M is high when RD is 
low, the output data comes from an 
/O port. If it is low the output data 
comes from the ROM. 


If the latched Chip Enables are active 
when RD goes low, the ADo-7 output 
buffers are enabled and output either 
the selected ROM location or I/O port. 
When both RD and TOR are high, the 
ADo-7 output buffers are 3-state. 


If the latched Chip Enables are active, 
a low on iOW causes the output port 
pointed to by the latched value of ADo 
to be written with the data on ADo-7. 
The state of |O/M is ignored. 


Symbol 


CLK 
(Input) 


READY 
(Output) 


PAo-7 
(Input/ 
Output) 


PBo-7 
(Input/ 
Output) 


RESET 
(Input) 


TOR 
(Input) 


Vec 
Vss 


Function 


The CLK is used to force the READY 
into its high impedance state after it 
has been forced low by CE low, CE 
high and ALE high. 


Ready is a 3-state output controlled by 
CE;, CE2, ALE and CLK. READY is 
forced low when the Chip Enables are 
active during the time ALE is high, and 
remains low until the rising edge of the 
next CLK (see Figure 6). 


These are general purpose 1/O pins. 
Their input/output direction is deter- 
mined by the contents of Data Direction 
Register (DDR). Port A is selected for 
write operations when the Chip Enables 
are active and TOW is low and a 0 was 
previously latched from ADo. 


Read operation is selected by either 
1OR low and active Chip Enables and 
ADo low, or 10/M high, RD low, active 
chip enables, and ADo low. 


This general purpose 1/O port is 
identical to Port A except that it is 
selected by a 1 latched from ADo. 


An input high on RESET causes all pins 
in Port A and B to assume input mode. 


When the Chip Enables are active, alow 
on IOR will output the selected 1/O port 
onto the AD bus. OR low performs the 
same function as the combination 10/M 
high and RD low. When TOR is,not used 
in a system, IOR should be fied to Vcc 
("1"), 

+5 volt supply. 

Ground Reference. 


8355/8355-2 


FUNCTIONAL DESCRIPTION 


ROM Section 


The 8355 contains an 8-bit address latch which allows it 
to interface directly to MCS-48 and MCS-85 Microcom- 
puters without additional hardware. 


The ROM section of the chip is addressed by an 11-bit 
address and the Chip Enables. The address and levels on 
the Chip Enable pins are latched into the address latches 
on the falling edge of ALE. If the latched Chip Enables 
are active and |O/M is low when RD goes low, the contents 
of the ROM location addressed by the latched address 
are put out through ADo-7 output buffers. 


I/O Section 


The I/O section of the chip is addressed by the latched 
value of ADo-1. Two 8-bit Data Direction Registers (DDR) 
in 8355 determine the input/output status of each pin in 
the corresponding ports. A “O" in a particular bit position 
of a DOR signifies that the corresponding !/O port bit is 
in the input mode. A “1” in a particular bit position signi- 
fies that the corresponding I/O port bit is in the output 
mode. In this manner the I/O ports of the 8355 are bit-by- 
bit programmable as inputs or outputs. The table sum- 
marizes port and DDR designation. DDR's cannot be 
read. 


PortA 
Port B 
Port A Data Direction Register (DDR A) 
Port B Data Direction Register (DDR B) 


When IOW goes low and the Chip Enables are active, the 
data on the ADo-7 is written into |/O port selected by the 
latched value of ADo-1. During this operation all I/O bits 
of the selected port are affected, regardless of their I/O 
mode and the state of 10/M. The actual output level does 
not change until [OW returns high (glitch free output). 


A port can be read out when the latched Chip Enables are 
active and either RD goes low with IO/M high, or |IOR 
goes low. Both input and output mode bits of a selected 
port will appear on lines ADo-7. 


To clarify the function of the [/O ports and Data Direction 
Registers, the following diagram shows the configuration 
of one bit of PORT A and DDR A. The same logic applies 
to PORT B and DDR B. 


Note that hardware RESET or writing a zero to the DDR 
latch will cause the output latch's output buffer to be 
disabled, preventing the data in the output latch from 
being passed through to the pin. This is equivalent to 
putting the port in the input mode. Note also that the data 
can be written to the Output Latch even though the Out- 
put Buffer has been disabled. This enables a port to be 
initialized with a value prior to enabling the output. 


The diagram also shows that the contents of PORT A and 
PORT B can be read even when the ports are configured 
as outputs. 
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8355 
ONE BIT OF PORT A ANDOOR A: 


OuTPUT 
ENABLE 


RESET 


INTERNAL DATA BUS 


WRITE DORA 


READ PA 


WRITE PAs (iTW-0) © (CHIP ENABLES ACTIVE) « (PORT A ADDRESS SELECTED) 
WRITE DOR A = (i0¥¥+0) « (CHIP ENABLES ACTIVE) © (ODA A ADORESS SELECTED) 
REAO PA = { ((10/M=1) © (RO+0)) « (10R-0)} © (CHIP ENABLES ACTIVE) © (PORT A AOORESS SELECTED) 


NOTE: WRITE PA IS NOT QUALIFIED BY [O/M. 


System Interface with 8085A 


A system using the 8355 can use either one of the two 
1/O Interface techniques: 


e Standard 1/O 
© Memory Mapped !/O 


If a standard I/O technique is used, the system can use 
the feature of both CE and CE. By using a combination 
of unused address lines A11-15 and the Chip Enable 
inputs, the 8085A system can use up to 5 each 8355's 
without requiring a CE decoder. See Figure 1. 


if a memory mapped I/O approach is used the 8355 will 
be selected by the combination of both the Chip Enables 
and |O/M using the ADg-15 address lines. See Figure 2. 


AO CLK 
ALE (OW READY CE 


8365, 


Figure 2. 8355 in 8085A System (Memory-Mapped 1/0) 
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8355/8355-2 


rr rn 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias ..........+0+00 0°C to +70°C 
Storage Temperature ...........000e -65°C to +150°C 
Voltage on Any Pin 

With RespecttoGround ..........+-+- -0.5V to +7V 
Power Dissipation ......... cece cece eect e eee eeee 1.5W 


"COMMENT: Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS (tg = 0°C to 70°C; Voc = 5V + 5%) 


SYMBOL| PARAMETER 

Input Low Voltage 
Input High Voltage 
Output Low Voltage 
Output High Voltage 
Input Leakage 


Output Leakage Current 


Vec Supply Current 


TEST CONDITIONS 


lon = -400nA 
Vin = Vcc to OV 
0.45V <Vout SVcc 


A.C. CHARACTERISTICS (tT, =0°C to 70°C; Voc = 5V + 5%) 


Ty 
Te 
tao 
tRor 
tou 
tcc 
tow 
tRYH 


Note: CLoap = 150pF 


5-39 


8355-2 
(Preliminary) 


a 
pe eee 
A 
a a 
ee SC DE 
a ea ee SET 
a 
af 
a 
a 
———— ns 
a ny ie 

es (ae ee ee 
a 
a A 
a 
ae ee ee 
a 
fo [ wo [0 | 160 | ns 
[60 [60s 
ce 
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8355/8355-2 


Figure 3. Clock Specification for 8355 


ADo.7 


(CE,*0 -CE2*1) 


ALE 


Figure 4. ROM Read and I/O Read and Write 


8355/8355-2 


a Se CE 


a. Input Mode 


b. Output Mode 


GLITCH FREE 


go OUTPUT 


DATA® 
BUS vias 


*DATA BUS TIMING IS SHOWN IN FIGURE 4. 


Figure 5. 1/O Port Timing 


cLK 


(CE2=1-CE,=0) 


ALE 


READY —-——— 


Figure 6. Walt State Timing (Ready ~ 0) 
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intel 
8755A 


16,384-BIT EPROM WITH I/O 
® Directly Compatible with 8085A CPU 


uw 2048 Words x 8 Bits m 2 General Purpose 8-Bit I/O Ports 


= Single +5V Power Supply (Vcc) a Each I/O Port Line Individually 
Programmable as Input or Output 
a U.V. Erasable and Electrically 
Reprogrammable s Multiplexed Address and Data Bus 


a Internal Address Latch a 40-Pin DIP 


The Intel® 8755A is an erasable and electrically reprogrammable ROM (EPROM) and I/O chip to be used in the MCS-85™ 
microcomputer system. The EPROM portion is organized as 2048 words by 8 bits. It has a maximum access time of 450 ns 
to permit use with no wait states in an 8085A CPU. 


The I/O portion consists of 2 general purpose I/O ports. Each I/O port has 8 port lines, and each I/O port line Is individu- 
ally programmable as input or output. 


ES 


PIN CONFIGURATION BLOCK DIAGRAM 


PROG ANO CE, C} 
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8755A 


ST5RA FUNCTIONAL PIN DEFINITION 


Symbol 
ALE’ 
(input) 


ADo-7 
(input/output) 


As-10 
(input) 


PROG/CGE1 
CEa2 
(input) 


10/M 
(input) 


(input) 


iow 
(input) 


CLK 
(input) 


Function 


When Address Latch Enable goes 
high, ADo-7, 1O0/M, As-10, CE2, and 
CE; enter the address latches. The 
signals (AD, 10/M, As-10, CE) are 
latched in at the trailing edge of ALE. 


Bidirectional Address/Data bus. The 
lower 8-bits of the PROM or I/O 
address are applied to the bus lines 
when ALE is high. 


During an I/O cycle, Port A or B are 
selected based on the latched value of 
ADo. If RD or IOR is low when the 
latched Chip Enables are active, the 
output buffers present data on the 
bus. 


These are the high order bits of the 
PROM address. They do not affect 
1/O operations. 


Chip Enable Inputs: CE; is active low 
and CEz2 is active high. The 8755A 
can be accessed only when BOTH 
Chip Enables are active at the time 
the ALE signal latches them up. If 
either Chip Enable input is not active, 
the ADo-7 and READY outputs will 
be in a high impedance state. CE1 is 
also used as a programming pin. (See 
section on programming.) 


If the latched 1O/M is high when RD 
is low, the output data comes from 
an I/O port. If itis low the output data 
comes from the PROM. 


If the latched Chip Enables are active 
when RD goes low, the ADo-7 output 
buffers are enabled and output either 
the selected PROM location or I/O 
port. When both RD and IORare high, 
the ADo-7 output buffers are 3-stated. 


If the latched Chip Enables are active, 
a low on IOW causes the output port 
pointed to by the latched value of 
ADo to be written with the data on 
ADo-7. The state of 1O/M is ignored. 


The CLK is used to force the READY 
into its high impedance state after it 
has been forced low by CE1 low, CE2 
high, and ALE high. 


Symbol 
READY 
(output) 


PAo-7 
(input/output) 


PBo-7 
(input/output) 


RESET 
(input) 


iOR 
(input) 


Vec 
Vss 
Vop 


Function 


READY is a 3-state output controlled 
by CE2, CE1, ALE and CLK. READY 
is forced low when the Chip Enables 
are active during the time ALE is high, 
and remains low until the rising edge 
of the next CLK. (See Figure 6.) 


These are general purpose I/O pins. 
Their input/output direction is deter- 
mined by the contents of Data Direc- 
tion Register (DDR). Port Ais selected 
for write operations when the Chip 
Enables are active and IOW is low 
and a 0 was previously latched from 
ADo, AD1. 


Read operation is selected by either 
OR low and active Chip Enables and 
ADo and AD; low, or 1O/M high, RD 
low, active Chip Enables, and ADo 
and AD; low. 


This general purpose 1/O port is 
identical to Port A except that it is 
selected by a 1 latched from ADoand 
a 0 from AD1. 


In normal operation, an input highon 
RESET causes all pins in Ports A and 
B to assume input mode (clear DDR 
register). 


When the Chip Enables are active, a 
low on IOR will output the selected 
1/O port onto the AD bus. IOR low 
performs the same function as the 
combination of 10/M high and RD 
low. When IOR is not usedinasystem, 
IOR should be tied to Vcc ("1"). 


+5 volt supply. 
Ground ‘Reference. 


Vop is a programming voltage, and 
must be tied to +5V when the 8755A 
is being read. 


For programming, a high voltage is 
supplied with Vop= 25V, typical. (See 
section on programming.) 


8755A 


FUNCTIONAL DESCRIPTION 


PROM Section 


The 8755A contains an 8-bit address latch which allows 
it to interface directly to MCS-48 and MCS-85 Micro- 
computers without additional hardware. 


The PROM section of the chip is addressed by the 11-bit 
address and CE. The address, CE1 and C€2 are latched 
into the address latches on the falling edge of ALE. If the 
latched Chip Enables are active and |O/Mis low when RD 
goes low, the contents of the PROM location addressed 
by the latched address are put out on the ADo-7 lines. 


V/O Section 


The I/O section of the chip is addressed by the latched 
value of ADo-1. Two 8-bit Data Direction Registers (DDR) 
in 8755A determine the input/output status of each pin 
in the corresponding ports. A “0” in a particular bit posi- 
tion of a DDR signifies that the corresponding I/O port bit 
is in the input mode. A “1” in a particular bit position signi- 
fies that the corresponding I/O port bit is in the output 
mode. In this manner the I/O ports of the 8755A are bit-by- 
bit programmable as inputs or outputs. The table 
summarizes port and DDR designation. DDR's cannot be 
read. 


Port A 
Port B 
Port A Data Direction Register (DDR A) 
Port B Data Direction Register (DDR 8) 


When IOW goes low and the Chip Enables are active, the 
data on the AD is written into I/O port selected by the 
latched value of ADo-1. During this operation all I/O bits 
of the selected port are affected, regardless of their I/O 
mode and the state of 1O/M. The actual output level does 
not change until IOW returns high. (glitch free output) 


A port can be read out when the latched Chip Enables are 
active and either RD goes low with 10/M high, or TOR goes 
low. Both input and output mode bits of a selected port 
will appear on lines ADo-7. 


To clarify the function of the I/O Ports and Data Direction 
Registers, the following diagram shows the configuration 
of one bit of PORT A and DDR A. The same logic applies 
to PORT B and DDR B. 
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87554 
ONE BIT OF PORT A AND OOR A: 


OuTPUT 
ENABLE 


INTERNAL DATA BUS 


RESET 
WRITE ODOR A 


READ PA 


WRITE PA + (i0W-0) (CHIP ENABLES ACTIVE) © (PORT A ADORESS SELECTED) 
WAITE ODOR A = (10W-0) © (CHIP ENABLES ACTIVE) © (OOR A ADDRESS SELECTED) 
REAO PA = {{(10/id=1} © (FD +0)} + (ORO) © (CHIP ENABLES ACTIVE) © (PORT A ADDRESS SELECTED) 


NOTE: WRITE PA [S NOT QUALIFIED BY 10/M, 


Note that hardware RESET or writing a zero to the DOR 
latch will cause the output latch’s output buffer to be 
disabled, preventing the data in the Output Latch from 
being passed through to the pin. This is equivalent to 
putting the port in the input mode. Note also that the data 
can be written to the Output Latch even though the Output 
Buffer has been disabled. This enables a port to be ini- 
tialized with a value prior to enabling the output. 


The diagram also shows that the contents of PORT A and 
PORT B can be read even when the ports are configured 
as outputs. 


TABLE 1. 8755A PROGRAMMING MODULE CROSS 


REFERENCE 
MODULE NAME USE WITH 
UPP 955 UPP(4) 
UPP UP2(2) UPP 855 . 
PROMPT 975 PROMPT 80/85(3) 
PROMPT 475 PROMPT 48(1) 


NOTES: 
1. Described on p. 13-34 of 1978 Data Catalog. 
2. Special adaptor socket. 

3. Described on p. 13-39 of 1978 Data Catalog. 
4. Described on p. 13-71 of 1978 Data Catalog. 


8755A 


ERASURE CHARACTERISTICS 


The erasure characteristics of the 8755A are such that 
erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain types of 
fluorescent lamps have wavelengths in the 3000-4000A, 
range. Data show that constant exposure to room level 
fluorescent lighting could erase the typical 8755A in 
approximately 3 years while it would take approximately 1 
week to cause erasure when exposed to direct sunlight. 
If the 8755A is to be exposed to these types of lighting 
conditions for extended periods of time, opaque labels 
are available from Intel which should be placed over the 
8755 window to prevent unintentional erasure. 


The recommended erasure procedure for the 8755A is 
exposure to shortwave ultraviolet light which has a wave- 
length of 2537 Angstroms (A). The integrated dose (i.e., 
UV intensity X exposure time) for erasure should be a 
minimum of 15W-sec/cm2. The erasure time with this 
dosage is approximately 15 to 20 minutes using an ultra- 
violet lamp with a 12000uW/cm2 power rating. The 
8755A should be placed within one inch from the lamp 
tubes during erasure. Some lamps have a filter on their 
tubes and this filter should be removed before erasure. 


PROGRAMMING 


Initially, and after each erasure, all bits of the EPROM 
portions of the 8755A are in the “1” state. Information is 
introduced by selectively programming "0" into the 
desired bit locations. A programmed “O" can only be 
changed to a "1" by UV erasure. 


The 8755A can be programmed on the Intel® Universal 
PROM Programmer (UPP), and the PROMPT™ 80/85 and 
PROMPT-48™ design aids. The appropriate programming 
modules and adapters for use in programming both 
8755A's and 8755's are shown in Table 1. 


The program mode itself consists of programming a 
single address at a time, giving a single 50 msec pulse 
for every address. Generally, it is desirable to have a 
verify cycle after a program cycle for the same address 
as shown in the attached timing diagram. In the verify 
cycle (i.e., normal memory read cycle) ‘Vpp’ should 
be at +5V. 


Preliminary timing diagrams and parameter values per- 
taining to the 8755A programming operation are con- 
tained in Figure 7. 
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SYSTEM APPLICATIONS 


System Interface with 8085A 


A system using the 8755A can use either one of the two I/O 
Interface techniques: 


¢ Standard I/O 
e@ Memory Mapped I/O 


If a standard 1/O technique is used, the system can use the 
feature of both CE2 and CE1. By using a combination of 
unused address lines A11-15 and the Chip Enable inputs, the 
8085A system can use up to 5 each 8755A's without requiring 
a CE decoder. See Figure 2. 


If a memory mapped |/O approach is used the 8755A will be 
selected by the combination of both the Chip Enables and 
10/M using the ADg-15 address lines. See Figure 1. 


AO CLK 10M 
ALE i0W READY CE 


Auto 


87554 


Figure 1. 8755A in 8085A System (Memory-Mapped I/O) 
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Figure 2. 8755A In 8085A System (Standard I/O) 


5-47 


8755A 


ABSOLUTE MAXIMUM RATINGS* 


“COMMENT 
; oy ° 

Temperature Under Bias ...........-.- 10°C to +70°C Stresses above those listed under "Absolute Maximum Ratings" may cause 
Storage Temperature ............... -65°C to +150°C permanent damage to the device Thisisa stress rating only and functional 
Voltage on Any Pin operation of the device at these or any other conditions above those 
is indicated in the operational sections of this specification is not implied. 
With Respect to Ground ........ ee eee ee -0.5 to +7V* Exposure to absolute maximum rating conditions for extended periods 

Power Dissipation ......... cc cee cece ween ee eee 1.5W may affect device reliability. 


*Except for programming voltage. 


D.C. CHARACTERISTICS (ta =0°C to 70°C; Voc = 5V + 5%) 


TEST CONDITIONS 


= Vcc to OV 
0.45V <Vout <Vcc 


TEST CONDITIONS 


CLoap = 150 pF 
(See Figure 3) 


150 pF Load 


WRITE to Port Output 


Port Input Set Up Time 
Port Input Hold Time 


READY HOLD TIME 


ADDRESS (CE) to READY 
Recovery Time between Controls 


Data Out Delay from READ Control | 10 | 
ALE to Data Out Valid | | 


Preliminary 
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8755A 


WAVEFORMS 


Figure 3. Ciock Specification for 8755A 


ADORESS 


(PROG)/CE, 


low 


ter 
Please note that GE: must remain low for the entire cycle. tav 


Figure 4. PROM Read, !/O Read and Write Timing 


649 


8755A 


A. INPUT MODE 


B. OUTPUT MODE 


tow 


GLITCH FREE 


Pe OUTPUT 


DATA® 
BUS 
*DATA BUS TIMING IS SHOWN IN FIGURE 4. 


—_— SS —  — — —— 


Figure 5. 1/O Port Timing 
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(CE=1) «(TE0) 


ALE 


READY=——— 


Figure 6. Wait State Timing (READY = 0) 
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8755A 


D.C. SPECIFICATION PROGRAMMING 
(Ta = 0°C to 70°C; Vcc = 5V + 5%; Vss = OV) 


Parameter 


Programming Voltage (during Write 
to EPROM) 
Prog Supply Current hee 


A.C. SPECIFICATION FOR PROGRAMMING 
(Ta = 0°C to 70°C; Vcc = 5V + 5%; Vss = OV) 


Symbol 
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8755A 


WAVEFORMS 
FUNCTION 
| <¢—_————_—__——— PROGRAM CYCLE VERIFY CYCLE* j<i——— PROGRAM CYCLE 
ALE 


A007 


ADDRESS ADDRESS 


AB10 


CEz 


PROG/CE, 


+25 


Yoo 


5s 


“VERIFY CYCLE IS A REGULAR MEMORY READ CYCLE (WITH Vop = *5V FOR 8755A) 


————————————————————————————————————— 


Figure 7. 8755A Program Mode Timing Diagram 
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System Support 
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CHAPTER 5 


— intel’ 
8205 


HIGH SPEED 1 OUT OF 8 BINARY DECODER 


a I/O Port or Memory Selector a Low Input Load Current — 0.25 mA 
Max, 1/6 Standard TTL Input Load 


Simpl ion — I 
Simple Expansion Enable dapars = Minimum Line Reflection — Low 


a High Speed Schottky Bipolar Voltage Diode Input Clamp 


Technology — 18 ns Max Delay = Outputs Sink 10 mA Min 
a Directly Compatible with TTL Logic a 16-Pin Dual In-Line Ceramic or Plastic 
Circuits Package 


The Intel® 8205 decoder can be used for expansion of systems which utilize input ports, output ports, and memory 
components with active low chip select input. When the 8205 is enabled, one of its 8 outputs goes “low”, thus a single 
row of amemory system is selected. The 3-chip enable inputs on the 8205 allow easy system expansion. For very large 
systems, 8205 decoders can be cascaded such that each decoder can drive 8 other decoders for arbitrary memory 
expansions. 

The 8205 is packaged in a standard 16-pin dual in-line package, and its performance is specified over the temperature 
range of 0°C to +75°C, ambient. The use of Schottky barrier diode clamped transistors to obtain fast switching speeds 
results in higher performance than equivalent devices made with a gold diffussion process. 


. 


PIN CONFIGURATION LOGIC SYMBOL 


aopness [ enasce | oureurs 
PIN NAMES [4o 4: A[e c fo 1 2 3 4 5 G7] 


zz 


aR LOS 2S, | 
Ag Az _ADORESS INPUTS 
€).E3 ENABLE INPUTS 
Oo 57 DECODED OUTPUTS 


rrrrrrszrzerr 
rIrIrrrIerrrs: 


zwzIITIZxre°xrrrz 


xrreeeerrxrrrzrr= 


MMMM MMM TO Te Ieirr 
MMMM M MMT ITIIeC ere 
rexrrererrerecere 
rrexrreererrerereeere 
xrTITITrTIrxrIIe 
rrrrrrxrrsxzrzxrr:r 
rrITrITrrAIre rr: 
wrIIrrTrrzxr-exrrsrr 
xzrrrrrrrersxrre 


XMM KETO T 
zx 


z 


February, 1978 
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8205 


FUNCTIONAL DESCRIPTION 


Decoder 


The 8205 contains a one out of eight binary decoder. It ac- 
cepts a three bit binary code and by gating this input, creates 
an exclusive output that represents the value of the input 
code. 


For example, if a binary code of 101 was present on the AO, 
Al and A2 address input lines, and the device was enabled, 
an active low signal would appear on the 05 output line. 
Note that all of the other output pins are sitting at a logic 
high, thus the decoded output is said to be exclusive. The 
decoders outputs will follow the truth table shown below in 
the same manner for all other input variations. 


Enable Gate 


When using a decoder it is often necessary to gate the out- 
puts with timing or enabling signals so that the exclusive 
output of the decoded value is synchronous with the overall 
system. 


The 8205 has a built-in function for such gating. The three 
enable inputs (E1, £2, E3) are ANDed together and create 
a single enable signal for the decoder. The combination of 
both active “‘high’’ and active “low’’ device enable inputs 
provides the designer with a powerfully flexible gating func- 
tion to help reduce package count in his system. 


5-54 


DECODER 


ENABLE GATE 


PT 


Figure 1. Enable Gate 


ADDRESS ENABLE OUTPUTS 
Tao Ar Az[f & [0 1 7 3 4 8 6 7] 
t 


2 
L 


xx MxM KM KEP Ee IO Ir 
xxxXxXxX MK TEE er LTIee 
MxM xM KM MK EITIIeC Ce 

mexrrerererereerer 
mrerrerrerrereecer 

ZIrIrTeerrrrrrr1zrrsget 
ZPtPTTIIAZAZIAZLA2I2E2F 
PITTITIIIIITITIF =I 
TTIETTITETITLITILIIrirs 
ZELIILIELI STILL rs 
EBLETIIETLILTeO LIE 
ZITITTLITIIe LTIIIT 
pe iin oes ie se le ie io galt Set» cae ee ee oa of 
be ie se os as ihe oS mad ie <> > i 


8205 


APPLICATIONS OF THE 8205 


The 8205 can be used in a wide variety of applications in 
microcomputer systems. I/O ports can be decoded from the 
address bus, chip select signals can be generated to select 
memory devices and the type of machine state such as in 
8008 systems can be derived from a simple decoding of the 
state lines (SO, S1, S2) of the 8008 CPU. 


VO Port Decoder 


Shown in the figure below is a typical application of the 
8205. Address input lines are decoded by a group of 8205s 
(3). Each input has a binary weight. For example, AO is as- 
signed a value of 1 and is the LSB; A4 is assigned a value of 
16 and is the MSB. By connecting them to the decoders as 
shown, an active low signal that is exclusive in nature and 
represents the value of the input address lines, is available at 
the outputs of the 8205s. 


This circuit can be used to generate enable signals for 1/O 
Ports or any other decoder related application. 


Note that no external gating is required to decode up to 24 
exclusive devices and that a simple addition of an inverter 
or two will allow expansion to even larger decoder net- 
works, 


Chip Select Decoder 
Using a very similar circuit to the 1/O port decoder, an ar- 


PORT 
NUMBERS 


Figure 2. I/O Port Decoder 
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ray of 8205s can be used to create a simple interface to a 
24K memory system. 


The memory devices used can be either ROM or RAM and 
are 1K in storage capacity. 8308s and 8102s are the devices 
typically used for this application. This type of memory de- 
vice has ten (10) address inputs and an active “low” chip 
select (CS). The lower order address bits AO-A9 which come 
from the microprocessor are “bussed” to all memory ele- 
ments and the chip select to enable a specific device or group 
of devices comes from the array of 8205s. The output of 
the 8205 is active low so it is directly compatible with the 
memory components. 


Basic operation is that the CPU issues an address to identify 
a specific memory location in which it wishes to “‘write’’ or 
“read” data. The most significant address bits A10-A14 are 
decoded by the array of 8205s and an exclusive, active low, 
chip select is generated that enables a specific memory de- 
vice. The least significant address bits AQ-A9 identify a 
specific location within the selected device. Thus, all ad= 
dresses throughout the entire memory array are exclusive 
in nature and are non-redundant. 


This technique can be expanded almost indefinitely to sup- 
port even larger systems with the addition of a few inverters 
and an extra decoder (8205). 


_ CHIP 
>| seeects 


Figure 3. 32K Memory Interface 


8205 


Logic Element Example 


Probably the most overlooked application of the 8205 is 
that of a general purpose logic element. Using the “on-chip” 
enabling gate, the 8205 can be configured to gate its de- 
coded outputs with system timing signals and generate 
Strobes that can be directly connected to latches, flip-flops 
and one-shots that are used throughout the system. 


An excellent example of such an application is the ‘state 
decoder” in an 8008 CPU based system. The 8008 CPU is- 
sues three bits of information (SO, $1, $2) that indicate the 
nature of the data on the Data Bus during each machine 
state. Decoding of these signals is vital to generate strobes 
that can load the address latches, control bus discipline and 
general machine functions. 


In the figure below a circuit is shown using the 8205 as the 
“state decoder” for an 8008 CPU that not only decodes the 
SO, S1, S2 outputs but gates these signals with the clock 
(phase 2) and the SYNC output of the 8008 CPU. The T1 


and T2 decoded strobes can connect directly to devices like 
8212s for latching the address information. The other de- 
coded strobes can be used to generate signals to control the 
system data bus, memory timing functions and interrupt 
structure. RESET is connected to the enable gate so that 
strobes are not generated during system reset, eliminating 
accidental loading. 


The power of such a circuit becomes evident when a single 
decoded strobe is logically broken down. Consider T1 out- 
put, the boolean equation for it would be: 


Ti = (S0-S1-52)-(SYNC-Phase 2-Reset) 
A six input NAND gate plus a few inverters would be need- 
ed to implement this function. The seven remaining outputs 
would need a similar circuit to duplicate their function, 


obviously a substantial savings in components can be 
achieved when using such a technique. 


8201 
CLOCK 
GENERATOR 


SYSTEM RESET 


Figure 4. 8205 State Decoder Circuit 
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8205 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias: Ceramic —65°C to +125°C *COMMENT 


Plastic -65°C to +75°C Stresses above those listed under “Absolute Maximum Rat- 

6 ing’ may cause permanent damage to the device. This 1s a stress 

Storage Temperature 65°C to +160°C rating only and functional operation of the device at these or at 

All Output or Supply Voltages —0.5 to +7 Volts any other condition above those indicated in the operational 
‘ iti i é 

All Input Voltages 1.0 to +5.5 Volts sections of this specification is not implied. Exposure to absolute 


D.C. CHARACTERISTICS 
Ta = 0°C to +75°C, Vog = 5V +5% 
8205 


SYMBOL PARAMETER 


< <| <| <| <| </=] 3 
> 


INPUT LOAD CURRENT 

INPUT LEAKAGE CURRENT 

INPUT FORWARD CLAMP VOLTAGE 
OUTPUT “LOW” VOLTAGE 
OUTPUT HIGH VOLTAGE 

INPUT “LOW” VOLTAGE 

INPUT “HIGH” VOLTAGE 


OUTPUT HIGH SHORT 
CIRCUIT CURRENT 


Vox OUTPUT “LOW” VOLTAGE 
@ HIGH CURRENT 


POWER SUPPLY CURRENT 


F 
R 


Ve 
Vou 


Vo HH 


Vv, 
Vv 


tu 


JH 


oe 
a 


~ 
o 


o 
ao 


TYPICAL CHARACTERISTICS 


OUTPUT CURRENT VS. OUTPUT CURRENT VS. 
OUTPUT “LOW” VOLTAGE OUTPUT “HIGH” VOLTAGE 
o 


OUTPUT CURRENT (mA) 
OUTPUT CURRENT (mA) 


UNIT 


o 10 20 3.0 40 
OUTPUT “LOW” VOLTAGE (Vv) OUTPUT “HIGH” VOLTAGE (V) 
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> 


3 
> 


OUTPUT VOLTAGE (V) 


maximum rating conditions for extended periods may affect 
Output Currents 125 mA device reliability. 


TEST CONDITIONS 
Voc = 5-25V, Vp = 0.45V 
Veg = 5:25V, Vp = 5.25V 
Veg = 4.75V, Iq = —5.0mA 
Veo = 4-75V. Ig, = 10.0mA 
Veg = 4-75V. loy = —1.5 mA 
Voc = 5.0V 

Veg = 5.0V 

Vee = §:0V. Voy = OV 


OH 


Vee = 5:0V, lox = 40 mA 


Voc = 5-25V 


DATA TRANSFER FUNCTION 


2 4 6 8 10 12 14 16 18 2.0 
INPUT VOLTAGE IV) 


8205 


SWITCHING CHARACTERISTICS 


< 
te) 
fe} 


Conditions of Test: Test Load 


{Input pulse amplitudes: 2.5V 


Input rise and fall times: 5 nsec 
between 1V and 2V 


Measurements are made at 1.5V 


All Transistors 2N2369 or Equivalent. C, = 30 pF 


Test Waveforms 


AODRESS OR ENABLE 
INPUT PULSE 


OUTPUT 


meeeeesecesceead aoe wnwweweeeesess 


A.C. CHARACTRISTICS 
Ta = 0°C to +75°C, Voc = 5V + 5% unless otherwise specified. 


SYMBOL PARAMETER 


AODRESS OR ENABLE TO : es 
OUTPUT DELAY ‘ 


INPUT CAPACITANCE P8205 | _ 
8205 


1, This parameter 1s periodically sampled and 1s not 100% tested, 


f= 1 MHz, Vcc = OV 
VBIaAS ® 2.0V, Ta = 25°C 


TYPICAL CHARACTERISTICS 


ADDRESS OR ENABLE TO OUTPUT ADDRESS OR ENABLE TO OUTPUT 
DELAY VS. LOAD CAPACITANCE DELAY VS. AMBIENT TEMPERATURE 


20 20 


a 


5 


10 


ADDRESS OR ENABLE TO 
OUTPUT DELAY (ns) 

ADORESS OR ENABLE TO 
OUTPUT DELAY [ ns) 


LOAD CAPACITANCE (pF) AMBIENT TEMPERATURE (°C) 
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intel 


8212 
8-BIT INPUT/OUTPUT PORT 


g Fully Parallel 8-Bit Data Registerand Buffer m 3.65V Output High Voltage for 


Service Request Flip-Flop for Direct Interface to 8008, 8080A, df 
Interrupt Generation 8085A CPU 

= Low Input Load Current — .25mA Max. m Asynchronous Register Clear 

§ Three State Outputs m Replaces Buffers, Latches and 


Multiplexers in Microcomputer Systeins 


@ Outputs Sink 15mA : 
“ m Reduces System Package Count 


The 8212 input/output port consists of an 8-bit latch with 3-state output buffers along with control and device selettion 
logic. Also included is a service request flip-flop for the generation and control of interrupts to the microprocessor. 


The device is multimode in nature. It can be used to implement latches, gated buffers or multiplexers. Thus, all of the 
principal peripheral and input/output functions of a microcomputer system can be implemented with this device. 


PIN CONFIGURATION LOGIC DIAGRAM 
SERVICE REQUEST FF 


> 


( osi 
(> os2 (ACTIVE LOW) 
[wo 
ie TT ourrur 
BUFFER 
Co, ‘0, [> 
DATALATCH 
Coy 002 (6 > 
Boy; 003 (&> 
De. 004 
PIN NAMES 
ONO OATAIN, =. [> o's Dos (15> 
00.008 [DATAOUT 
65,08, 1 OEVICE SELECT 
™O MODE 
's1B STROBE __ 7% [> 01, 00, [> 
mY St 
Ot, bo, 
22> 018 00, Ri> 
(aa { }) | 
(ACTIVE LOW) 
Le ese ae 
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8212 


FUNCTIONAL DESCRIPTION 


Data Latch 


The 8 flip-flops that make up the data latch are of a “D” 
type design. The output (Q) of the flip-flop will follow the 
data input (D) while the clock input (C) is high. Latching 
will occur when the clock (C) returns low. 


The latched data is cleared by an asynchronous reset 
input (CLR). (Note: Clock (C) Overrides Reset (CLR).) 


Output Buffer 


The outputs of the data latch (Q) are connected to 3-state, 
non-inverting output buffers. These buffers have a 
common control line (EN); this control line either enables 
the buffer to transmit the data from the outputs of the data 
latch (Q) or disables the buffer, forcing the output into a 
high impedance state. (3-state) 


The high-impedance state allows the designer to connect 
the 8212 directly onto the microprocessor bi-directional 
data bus. 


Control Logic 


The 8212 has control inputs OS1, DS2, MD and STB. 
These inputs are used to control device selection, data 
latching, output buffer state and service request flip-flop. 


DS1, DS2 (Device Select) 


These 2 inputs are used for device selection. When DS1is 
low and DS2 is high (DS1 - DS2) the device is selected. In 
the selected state the output buffer is enabled and the 
service request flip-flop (SR) is asynchronously set. 


MD (Mode) 


This input is used to control the state of the output buffer 
and to determine the source of the clock input (C) to the 
data latch. 


When MD is high (output mode) the output buffers are 
enabled and the source of clock (C) to the data latch is 
from the device selection logic (DS1 - DS2). 


When Mb is low (input mode) the output buffer state is 
determined by the device selection logic (DS1 - DS2) and 
the source of clock (C) to the data latch is the STB 
(Strobe) input. 


STB (Strobe) 


This input is used as the clock (C) to the data latch for the 
input mode MD = 0) and to synchronously reset the 
service request flip-flop (SR). 


Note that the SR flip-flop is negative edge triggered. 


Service Request Flip-Flop 


The (SR) flip-flop is used to generate and control 
interrupts in microcomputer systems. It is asynchron- 
ously set by the CLR input (active low). When the (SR) flip- 
flop is set it is in the non-interrupting state. 


The output of the (SR) flip-flop (Q) is connected to an 
inverting input of a “NOR” gate. The other input to the 
“NOR” gate is non-inverting and is connected to the 
device selection logic (DS1 - DS2). The output of the 
“NOR" gate (INT) is active low (interrupting state) for 
connection to active low input priority generating circuits. 


SERVICE REQUEST FF 


(ACTIVE LOW 


! "108; 0S; ~ DATAOUT EQUALS |[ CLA’ (BS; DS2) STB 
' 0 0 ° DSTATE 0° 0 “@ - 
{1 cy ° JSTATE ‘ 1 ° 
'o 9 ° DATA LATCH 7° 4 ~ 
a | 0 DATA LATCH Le ane Tea 
“9 0 1 DATA LATCH qe eg 
a ea 1 OATAIN la. 1 1 a 
° ‘ 1 1 DATAIN i I 
| es 1 DATAIN cat “INTERNAL SR FLIP-FLOP 


~ RESETS DATA LATCH 
SETS SR FLIP FLOP 
(NO CFFECT ON OUTPUT BUFFER) 
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8212 


Applications of the 8212 — For 
Microcomputer Systems 


| Basic Schematic Symbol 
il} Gated Buffer 

Il Bi-Directional Bus Driver 
IV Interrupting Input Port 


1. Basic Schematic Symbols 

Two examples of ways to draw the 8212 on system 
schematics — (1) the top being the detailed view showing 
pin numbers, and (2) the bottom being the symbolic view 


Vv Interrupt Instruction Port 
Vi = Output Port 

Vil 8080A Status Latch 

Vill 8085A Address Latch 


showing the system input or output as a system bus (bus 
containing 8 parallel lines). The output to the data bus is 
symbolic in referencing 8 parallel lines. 


BASIC SCHEMATIC SYMBOLS 
INPUT DEVICE 


OUTPUT DEVICE 


(DETAILED! 
v, 
INPUT ce ouTPuT 
STROBE FLAG 
SYSTEM (SYMBOLIC) 821 SYSTEM 
INPUT OUTPUT 
INT CLA fo 


GNO 


DATA BUS 


DATA BUS 


Il. Gated Buffer (3-State) 


The simplest use of the 8212 is that of a gated buffer. By 
tying the mode signal low and the strobe input high, the 
data latch is acting as a straight through gate. The output 
buffers are then enabled from the device selection logic 
DS1 and DS2. 


When the device selection logic is false, the outputs are 3- 
state. 


When the device selection logic is true, the input data from 
the system is directly transferred to the output. The input 
data load is 250 micro amps. The output data can sink 15 
milli amps. The minimum high output is 3.65 volts. 
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GATED BUFFER 


Vee 


INPUT OUTPUT 

DATA DATA 

(250 pA) (15mA) 
(3.65.V MIN) 


GATING 
CONTROL 
(DS1-0s2) 


1 


8212 


ill, Bl-Directional Bus Driver 


A pair of 8212's wired (back-to-back) can be used as a 
symmetrical drive, bi-directional bus driver. The devices 
are controlled by the data bus input control which is 
connected to OSi on the first 8212 and to DS2 on the 
second. One device is active, and acting as a straight 
through buffer the other is in 3-state mode. This is a very 
useful circuit in small system design. 


BI-DIRECTIONAL BUS DRIVER 


DATA BUS 
CONTROL 
{O= L—R) 
(l= R~U) 


IV. Interrupting Input Port 


This use of an 8212 is that of a system input port that 
accepts a strobe from the system input source, which in 
turn clears the service request flip-flop and interrupts the 
processor. The processor then goes through a service 
routine, identifies the port, and causes the device 
selection logic to go true — enabling the system input data 
onto the data bus. 


INTERRUPTING INPUT PORT 


DATA 
INPUT 


STROBE 


SYSTEM 

RESET 
PORT 
SELECTION 


—s TO PRIORITY CKT 
{(DS1+DS2) 


(ACTIVE LOW) 


TO CPU 
INTERRUPT INPUT 


V. Interrupt Instruction Port 


The 8212 can be used to gate the Interrupt instruction, 
normally RESTART instructions, onto the data bus. The 
device is enabled from the interrupt acknowledge signal 
from the microprocessor and from a port selection signal. 
This signal is normally tied to ground. (DS1 could be used 
to multiplex a variety of interrupt instruction ports onto a 
common bus). 


INTERRUPT INSTRUCTION PORT 


RESTART 
INSTRUCTION 
(RST 0 — RST 7) 


(DSI) PORT SELECTION 
INTERRUPT ACKNOWLEDGE 


8212 


VI. Output Port (With Hand-Shaking) 


The 8212 can be used to transmit data from the data bus to 
a system output. The output strobe could be a hand- 
shaking signal such as “reception of data” from the device 
that the system is outputting to. Itin turn, can interrupt the 
system signifying the reception of data. The selection of 
the port comes from the device selection logic.(DS1-DS2) 


OUTPUT PORT (WITH HAND-SHAKING) 


DATA 
BUS 


OUTPUT STROBE 


SYSTEM OUTPUT 


SYSTEM RESET 


PORT SELECTION 
(LATCH CONTROL) 
(0$1-082) 


SYSTEM 
INTERRUPT 


Vil. 8080A Status Latch 


Here the 8212 is used as the status latch for an 8080A 
microcomputer system. The input to the 8212 latch is 
directly from the 8080A data bus. Timing shows that when 
the SYNC signal is true, which is connected to the DS2 
input and the phase 1 signal is true, which is a TTL level 
coming from the clock generator, then, the status data will 
be latched into the 8212. 


CLOCK GEN. 
& ORIVER 


STATUS 
LATCH 


Note: The mode signal is tied high so that the output on the 
latch is active and enabled all the time. 


It is shown that the two areas of concern are the bi- 
directional data bus of the microprocessor and the control 
bus. * 


— DATA BUS 


INTA 
wo 

STACK 

HLTA 1 


out 
M1 BASIC 
ine CONTROL 


MEMR Bus SYNC 


DATA 
OBIN 


STATUS 


Vill. 8085A Low-Order Address Latch 


The 8085A microprocessor uses a multiplexed address/ 
data bus that contains the low order 8-bits of address 
information during the first part of a machine cycle. The 
same bus contains data at a later time in the cycle. An 
address latch enable (ALE) signal is provided by the 
8085A to be used by the 8212 to latch the address so that it 
may be available through the whole machine cycle. Note: 
In this configuration, the MODE inputis tied high, keeping 
the 8212’s output buffers turned on at all times. 


8212 


DATA BUS 


LOW ORDER 
ADDRESS BUS 


8212 


ABSOLUTE MAXIMUM RATINGS* 


. . *COMMENT 
Temperature Under Bias Plastic ....... 0°C to +70°C aie 6 hose tiated under“=AbRIUS A R 
ve i under “Absolute Maximum Ratings” may cause 
Storage Temperature .......... -65°C to +160°C permanent damage to the device. This is a stress rating only and functional 
All Output or Supply Voltages .. .. -0.5 to +7 Volts operation of the device at these or any other conditions above those 
é indicated in the operational sections of this specification 1s not implied. 
All Input Voltages Smee eS RRS EIS 8S: 1.0 to 5.5 Volts Exposure to absolute maximum rating conditions for extended periods 
Output CurrentS ......... cece ese ce eee eeeeeee mA may affect device reliability 


D.C. CHARACTERISTICS Ta =0°C to +75°C, Vcc = +5V +5% 


Symbol Test Conditions 


Typ. 


IF Input Load Current, ACK, DS2, CR, 
Dl1-Dla Inputs 


IF Input Load Current MD Input 


mA |VF = .45V 
mA |VF=.45V 


1 
N 


5 


| min. [ typ. | Max. | 
F input Load Current MO input |__| __+| 75 _| 
iF | Input Load Current OS: taput____| |_| -¥0_| mA |ve=.a5v 
SS eet 
Dl1-Dig Inputs uA VR <Vocc 
Vo | Input Forward Voltage clamp |_| | 1 | V_|le=-sma 
Vit Input “Low” Voltage a ee ee ee 
Vin Input “High” Voltage | 20 | |[ |[ vi 
Vor Output “Low” Voltage a ee ee ee loc = 15mA 
VoH Output “High” Voltage | 365 [ 40 | | v | lon = -1mA 
isc | Short Circuit Output Current | -15_ [| -75_ | mA_[Vo = 0V, Voc = 8V 
= 
Impedance State Vo = .45V/5.25V 


8212 


TYPICAL CHARACTERISTICS 


INPUT CURRENT VS. INPUT VOLTAGE OUTPUT CURRENT VS. OUTPUT “LOW" VOLTAGE 


= <= 
g = 
5 z 
we « 
is 5 
3 5 

° 

INPUT VOLTAGE (Vv) OUTPUT “LOW” VOLTAGE (V) 
OUTPUT CURRENT VS. DATA TO OUTPUT DELAY 
OUTPUT “HIGH” VOLTAGE VS. LOAD CAPACITANCE 
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i 3 
5 g 
: 3 
2 2 
3 § 

o 

) 50 100 150 200 250 300 
OUTPUT “HIGH” VOLTAGE (Vv) LOAD CAPACITANCE (pF) 
DATA TO OUTPUT DELAY WRITE ENABLE TO OUTPUT DELAY 
VS. TEMPERATURE VS. TEMPERATURE 
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A.C. CHARACTERISTICS Ta, =0°C to +70°C, Vcc = +5V + 5% 


Test Conditions 


Clear to Output Delay 


CAPACITANCE®* F = 1Mhz, Vaias = 2.5V, Voc = +5V, Ta = 25°C 


Typ. Max. 


DS1 MD Input Capacitance QpF 12pF 


DS2, CK, ACK, Dl1-Dl 
Input Capacitance 


DO;-DOs Output Capacitance 8pF 12pF 


“This parameter is sampled and not 100% tested. 


SWITCHING CHARACTERISTICS 


Conditions of Test . 
Input Pulse Amplitude = 2.5V Test Load 


Input Rise and Fall Times 5ns 15mA & 30pF 
Between 1V and 2V Measurements made at 1.5V 
with 15mA and 30pF Test Load Vec 
Note 1: 
Ry 
To 
tep, twe, tr, ts, tc D.U.T. 
i BLE! 
te, ENABLE cL Ro 
te, ENABLE | L 


te, DISABLE! = — 


te, DISABLE! 


*INCLUDING JIG & PROBE CAPACITANCE 
‘Includes probe and jig capacitance. 
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TIMING DIAGRAM 
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8257/8257-5 “ein, My 
PROGRAMMABLE DMA CONTROLLER) *%, fo) 


= MCS-85™ Compatible 8257-5 a Terminal Count and Modulo 128 “ 
Outputs 
4-Channel DMA Controller | 
. - a Single TTL Clock | 
= Priority DMA Request Logic = Single +5V Supply 
a Channel Inhibit Logic a Auto Load Mode 


The Intel® 8257 is a 4-channel direct memory access (DMA) controller. It is specifically designed to simplify the 
transfer of data at high speeds for the Intel® microcomputer systems. Its primary function is to generate, upon a 
peripheral request, a sequential memory address which will allow the peripheral to read or write data directly to or 
from memory. Acquisition of the system bus in accomplished via the CPU's hold function. The 8257 has priority logic 
that resolves the peripherals requests and issues a composite hold request to the CPU. It maintains the DMA cycle 
count for each channel and outputs a control signal to notify the peripheral that the programmed number of DMA 
cycles is complete. Other output control signals simplify sectored data transfers. The 8257 represents a significant 
savings in component count for DMA-based microcomputer systems and greatly simplifies the transfer of data at 
high speed between peripherals and memories. 


PIN CONFIGURATION BLOCK DIAGRAM 


oraa 


onat 
OACKY 


ORQ2 


PIN NAMES 


AODRESS ENABLE 
AOORESS STROBE 


DATA BUS 


07-Do 
Ay-Ap 


ADORESS BUS 
OR__| 1/0 READ TERMINAL COUNT 
MARK PRIORITY 
ow | 1/0 WRITE MAR? _| MODULO 128 enicaity: 
MEMR [MEMORY READ DRQ3:0RQ_ | OMA REQUEST 
| MEMW | MEMORY WRITE INPUT 


DACK3-DACRo| DMA ACKNOWLEDGE 
our 
[s____ Tene sececr 
#5 VOLTS 


INTERNAL 
Bus 


RESET | RESET INPUT 
READY 


HRQ HOLD REQUEST 
(TO B080A) 
HLDA 


HOLD ACKNOWLEDGE 
(FROM 8080A) 
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FUNCTIONAL DESCRIPTION 


General 


The 8257 is a programmable, Direct Memory Access 
(DMA) device which, when coupled with a single Intel® 
8212 I/O port device, provides a complete four-channel 
DMA controller for use in Intel® microcomputer systems. 
After being initialized by software, the 8257 can transfera 
block of data, containing up to 16,384 bytes, between 
memory and a peripheral device directly, without further 
intervention required of the CPU. Upon receiving a DMA 
transfer request from an enabled peripheral, the 8257: 


1. Acquires control of the system bus. 


2. Acknowledges that requesting peripheral which is 
connected to the highest priority channel. 


3. Outputs the least significant eight bits of the memory 
address onto system address lines Ao-A7, outputs 
the most significant eight bits of the memory address 
to the 8212 I/O port via the data bus (the 8212 
places these address bits on lines Ag-A;s), and 


4. Generates the appropriate memory and I/O read/ 
write control signals that cause the peripheral to 
receive or deposit a data byte directly from or to the 
addressed location in memory. 


The 8257 will retain control of the system bus and repeat 
the transfer sequence, as long as a peripheral maintains its 
OMA request. Thus, the 8257 can transfer a block of data 
to/from a high speed peripheral (e.g., a sector of dataona 
floppy disk) in a single “burst”. When the specified 
number of data bytes have been transferred, the 8257 
activates its Terminal Count (TC) output, informing the 
CPU that the operation is complete. 


The 8257 offers three different modes of operation: 
(1) DMA read, which causes data to be transferred from 
memory to a peripheral; (2) DMA write, which causes 
data to be transferred from a peripheral to memory; 
and (3) DMA verify, which does not actually involve the 
transfer of data. When an 8257 channel is in the DMA verify 
mode, it will respond the same as described for transfer 
operations, except that no memory or I/O read/write 
control signals will be generated, thus preventing the 
transfer of data. The 8257, however, will gain control of the 
system bus and will acknowledge the peripheral’s DMA 
request for each DMA cycle. The peripheral can use these 
acknowledge signals to enable an internal access of each 
byte of a data block in order to execute some verification 
procedure, such as the accumulation of a CRC (Cyclic 
Redundancy Code) checkword. For example, a block of 
OMA verity cycles might follow a block of DMA read cycles 
(memory to peripheral) to allow the peripheral to verify its 
newly acquired data. 


Block Diagram Description 
1. DMA Channels 


The 8257 provides four separate DMA channels (labeled 
CH-0 to CH-3). Each channel includes two sixteen-bit 
registers: (1) a DMA address register, and (2) a termi- 
nal count register. Both registers must be initialized 
before a channel is enabled. The DMA address register is 
loaded with the address of the first memory location to be 
accessed. The value loaded into the low-order 14-bits of 
the terminal count register specifies the number of DMA 
cycles minus one before the Terminal Count (TC) output 
is activated. For instance, a terminal count of 0 would 
cause the TC output to be active in the first DMA cycle for 
that channel. In general, if N= the number of desired DMA 
cycles, load the value N-1 into the low-order 14-bits of the 
terminal count register. The most significant two bits of the 
terminal count register specify the type of DMA operation 
for that channel. 


0,-0.8} _ aus 
BUFFER 


DACK 0 


=— DRO 1 


DACK 1 


ORQ2 


DACK 2 | 


i-— DRO 3 


OACK 3 


i 
INTERNAL { 
us ; 
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Figure 1. 8257 Block Diagram Showing DMA 
Channels 
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These two bits are not modified during a DMA cycle, but 
can be changed between DMA blocks. 


Each channel accepts a DMA Request (DRQn) input and 
provides a DMA Acknowledge (DACKn) output. 


(DRQ 0-DRQ 3) 


DMA Request: These are individual asynchronous chan- 
nel request inputs used by the peripherals to obtaina DMA 
cycle. If not in the rotating priority mode then ORQ 0 has 
the highest priority and DRQ 3 has the lowest. A request 
can be generated by raising the request line and holding it 
high until OMA acknowledge. For multiple OMA cycles 
(Burst Mode) the request line is held high until the DMA 
acknowledge of the last cycle arrives. 


(DACK 0 - DACK 3) 


DMA Acknowledge: An active low level on the acknowl- 
edge output informs the peripheral connected to that 
channel that it has been selected for a DMA cycle. The 
DACK output acts as a “chip select” for the peripheral 
device requesting service. This line goes active (low) 
and inactive (high) once for each byte transferred even if 
a burst of data is being transferred. 


2. Data Bus Buffer 


This three-state, bi-directional, eight bit buffer interfaces 
the 8257 to the system data bus. 


(Do-D7) 

Data Bus Lines: These are bi-directional three-state lines. 
When the 8257 is being programmed by the CPU, eight- 
bits of data for a DMA address register, a terminal count 
register or the Mode Set register are received on the data 
bus. When the CPU reads a DMA address register, a 
terminal count register or the Status register, the data is 
sent to the CPU over the data bus. During OMA cycles 
(when the 8257 is the bus master), the 8257 will output the 
most significant eight-bits of the memory address (from 
one of the DMA address registers) to the 8212 latch via the 
data bus. These address bits will be transferred at the 
beginning of the DMA cycle; the bus will then be released 
to handle the memory data transfer during the balance of 
the DMA cycle. 


TYPE OF DMA OPERATION 


Verify DMA Cycle 
Write DMA Cycle 
Read DMA Cycle 
(IMegal) 
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(row 
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Figure 2. 8257 Block Diagram Showing Data Bus 
Buffer 
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3. Read/Write Logic 


When the CPU is programming or reading one of the 
8257's registers (i.e., when the 8257 is a “slave” device on 
the system bus), the Read/Write Logic accepts the I/O 
Read (OR) or I/O Write (TOW) signal, decodes the least 
significant four address bits, (Ap-Ag), and either writes 
the contents of the data bus into the addressed register 
(if TOW Is true) or places the contents of the addressed 
register onto the data bus (if OR is true). 


During DMA cycles (i.e., when the 8257 is the bus 
“master’), the Read/Write Logic generates the I/O read 
and memory write (OMA write cycle) or I/O Write and 
memory read (DMA read cycle) signals which control the 
data link with the peripheral that has been granted the 
DMA cycle. 


Note that during DMA transfers Non-DMA 1/O devices 
should be de-selected (disabled) using “AEN” signal to 
inhibit 1/O device decoding of the memory address as an 
erroneous device address. 


(VOR) 


1/O Read: An active-low, bi-directional three-state line. In 
the “slave” mode, it is an input which allows the 8-bit 
status register or the upper/lower byte of a 16-bit DMA 
address register or terminal count register to be read. In 
the “master” mode, I/OR is a control output which is used 
to access data from a peripheral during the DMA write 
cycle. 


(row) 

1/O Write: An active-low, bi-directional three-state line. In 
the “slave” mode, it is an input which allows the contents 
of the data bus to be loaded into the 8-bit mode set register 
or the upper/lower byte of a 16-bit DMA address register 
or terminal count register. In the “master” mode, i/OWis a 
control output which allows data to be output to a 
peripheral during a DMA read cycle. 


(CLK) 
Clock Input: Generally from an Intel® 8224 Clock Gen- 
erator device. (¢2 TTL) or Intel® 8085A CLK output. 


(RESET) 


Reset: An asynchronous input (generally from an 8224 
or 8085 device) which disables all DMA channels by 
clearing the mode register and 3-states all control lines. 
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(Ap-Ay) 

Address Lines: These least significant four address lines 
are bi-directional. In the “slave’ mode they are inputs 
which select one of the registers to be read or 
programmed. In the “master” mode, they are outputs 
which constitute the least significant four bits of the 16-bit 
memory address generated by the 8257. 


(cs) 


Chip Select: An active-low input which enables the 1/O 
Read or I/O Write input when the 8257 is being read or 
programmed in the “slave” mode. In the “master” mode, 
CS is automatically disabled to prevent the chip from 
selecting itself while performing the DMA function. 


BUFFER 


INTERNAL 
BUS } 


Figure 3. 8257 Block Diagram Showing 
Read/Write Logic Function 
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4, Control Logic 


This block controls the sequence of operations during all 
DMA cycles by generating the appropriate control signals 
and the 16-bit address that specifies the memory location 
to be accessed. 


(Ag-A7) 


Address Lines: These four address lines are three-state 
outputs which constitute bits 4 through 7 of the 16-bit 
memory address generated by the 8257 during all DMA 
cycles. 


(READY) : 

Ready: This asynchronous input is used to elongate the 
memory read and write cycles in the 8257 with wait states 
if the selected memory requires longer cycles. 


(HRQ) 


Hold Request: This output requests control of the system 
bus. In systems with only one 8257, HRQ will normally be 
applied to the HOLD input on the CPU. 


(HLDA) 


Hold Acknowledge: This input from the CPU indicates 
that the 8257 has acquired control of the system bus. 


(EMR) 


Memory Read: This active-low three-state output is used 
to read data from the addressed memory location during 
DMA Read cycles. 


(MEMW) 


Memory Write: This active-low three-state output is used 
to write data into the addressed memory location during 
DMA Write cycles. 


(ADSTB) 


Address Strobe: This output strobes the most significant 
byte of the memory address into the 8212 device from the 
data bus. 


(AEN) 


Address Enable: This output is used to disable (float) the 
System Data Bus and the System Control Bus. It may also 
be used to disable (float) the System Address Bus by use 
of an enable on the Address Bus drivers in systems to 
inhibit non-DMA devices from responding during OMA 
cycles. It may be further used to isolate the 8257 data bus 
from the System Data Bus to facilitate the transfer of the 8 
most significant DMA address bits over the 8257 data I/O 
pins without subjecting the System Data Bus to any 
timing constraints for the transfer. When the 8257 is used 
in an (/O device structure (as opposed to memory 
mapped), this AEN output should be used to disable the 
selection of an I/O device when the DMA address is on the 
address bus. The I/O device selection should be 
determined by the DMA acknowledge outputs for the 4 
channels. 
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(TC) 

Terminal Count: This output notifies the currently 
selected peripheral that the present DMA cycle should be 
the last cycle for this data block. If the TC STOP bit in the 
Mode Set register is set, the selected channel will be 
automatically disabled at the end of that DMA cycle. TC is 
activated when the 14-bit value in the selected channel's 
terminal count register equals zero. Recall that the low- 
order 14-bits of the terminal count register should be 
loaded with the values (n-1), where n =the desired number 
of the DMA cycles. 


(MARK) 


Modulo 128 Mark: This output notifies the selected 
peripheral that the current DMA cycle is the 128th cycle 
since the previous MARK output. MARK always occurs at 
128 (and all multiples of 128) cycles from the end of the 
data block. Only if the total number of DMA cycles (n) is 
evenly divisable by 128 (and the terminal count register 
was loaded with n-1), will MARK occur at 128 (and each 
succeeding multiple of 128) cycles from the beginning of 
the data block. 
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Figure 4. 8257 Block Diagram Showing Control Logic 
and Mode Set Register 
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5. Mode Set Register 


When set, the various bits in the Mode Set register enable 
each of the four DMA channels, and allow four different 
options for the 8257: 


Enables AUTOLOAD 
Enables TC STOP 
Enables EXTENDED WRITE: 
Enables ROTATING PRIORITY: 


Enables DMA Channel 0 
Enables OMA Channel 1 
‘Enables DMA Channel 2 
Enables DMA Channel 3 


The Mode Set register is normally programmed by the 
CPU after the DMA address register(s) and terminal 
count register(s) are initialized. The Mode Set Register is 
cleared by the RESET input, thus disabling all options, 
inhibiting all channels, and preventing bus conflicts on 
power-up. A channel should not be left enabled unless its 
DMA address and terminal count registers contain valid 
values; otherwise, an inadvertent DMA request (DRQn) 
from a peripheral could initiate a DMA cycle that would 
destroy memory data. 


The various options which can be enabled by bits in the 
Mode Set register are explained below: 


Rotating Priority Bit 4 


In the Rotating Priority Mode, the priority of the channels 
has a circular sequence. After each DMA cycle, the 
priority of each channel changes. The channel which had 
just been serviced will have the lowest priority. 


If the ROTATING PRIORITY bit is not set (set to a zero), 
each DMA channel has a fixed priority. In the fixed priority 
mode, Channel 0 has the highest priority and Channel 3 
has the lowest priority. If the ROTATING PRIORITY bit is 
set to a one, the priority of each channel changes after 
each DMA cycle (not each DMA request). Each channel 
moves up to the next highest priority assignment, while 
the channel which has just been serviced moves to the 
lowest priority assignment: 


CHANNEL—> 
JUST SERVICED 


Priority —> 
Assignments 


Highest 


Lowest 
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Note that rotating priority will prevent any one channel 
from monopolizing the DMA mode; consecutive DMA 
cycles will service different channels if more than one 
channel is enabled and requesting service. There is no 
overhead penalty associated with this mode of opera- 
tion. All DMA operations began with Channel 0 initially 
assigned to the highest priority for the first DMA cycle. 


Extended Write Bit 5 ‘ 


If the EXTENDED WRITE bitis set, the duration of both the 
MEMW and I/OW signals is extended by activating them 
earlier in the DMA cycle. Data transfers within micro- 
computer systems proceed asynchronously to allow 
use of various types of memory and I/O devices with 
different access times. If a device cannot be accessed 
within a specific amount of time it returns a "not ready” 
indication to the 8257 that causes the 8257 to insert one or 
more wait states in its internal sequencing. Some devices 
are fast enough to be accessed without the use of wait 
states, but if they generate their READY response with the 
leading edge of the I7OW or MEMW signal (which 
generally occurs late in the transfer sequence), they 
would normally cause the 8257 to enter a wait state 
because it does not receive READY in time. For systems 
with these types of devices, the Extended Write option 
provides alternative timing for the 1/O and memory write 
signals which allows the devices to return an early READY 
and prevents the unnecessary occurrence of wait statesin 
the 8257, thus increasing system throughput. 


TC Stop Bit 6 


If the TC STOP bit is set, a channel is disabled (i.e., its 
enable bit is reset) after the Terminal Count (TC) output 
goes true, thus automatically preventing further DMA 
operation on that channel. The enable bit for that channel 
must be re-programmed to continue or begin another 
DMA operation. If the TC STOP bit is not set, the 
occurrence of the TC output has no effect on the channel 
enable pits. In this case, it is generally the responsibility of 
the peripheral to cease DMA requests in order to terminate 
a DMA operation. 


Auto Load Bit 7 


The Auto Load mode permits Channel 2 to be used for 
repeat block or block chaining operations, without 
immediate software intervention between blocks. Chan- 
nel 2 registers are initialized as usual for the first data 
block; Channel 3 registers, however, are used to store the 
block re-initialization parameters (DMA starting address, 
terminal count and DMA transfer mode). After the first 
block of DMA cycles is executed by Channel 2 (i.e., after 
the TC output goes true), the parameters stored in the 
Channel 3 registers are transferred to Channel 2 during an 
“update” cycle. Note that the TC STOP feature, described 


above, has no effect on Channel 2 when the Auto Load bit 
is set. 
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If the Auto Load bit is set, the initial parameters for 
Channel 2 are automatically duplicated in the Channel 3 
registers when Channel 2 is programmed. This permits 
repeat block operations to be set up with the programming 
of a single channel. Repeat block operations can be used 
in applications such as CRT refreshing. Channels 2 and 3 
can still be loaded with separate values if Channel 2 is 
loaded before loading Channel 3. Note that in the Auto 
Load mode, Channel 3 is still available to the user if the 
Channel 3 enable bit is set, but use of this channel will 
change the values to be auto loaded into Channel 2 at 
update time. All that is necessary to use the Auto Load 
feature for chaining operations is to reload Channel 3 
registers at the conclusion of each update cycle with the 
new parameters for the next data block transfer. 


Each time that the 8257 enters an update cycle, the update 
flag in the status register is set and parameters in Channel 
3 are transferred to Channel 2, non-destructively for 
Channel 3. The actual re-initialization of Channel 2 occurs 
at the beginning of the next channel 2 DMA cycle after the 
TC cycle. This will be the first DMA cycle of the new data 
block for Channel 2. The update flag is cleared at the 
conclusion of this DMA cycle. For chaining operations, 
the update flag in the status register can be monitored by 
the CPU to determine when the re-initialization process 
has been completed so that the next block parameters can 
be safely loaded into Channel 3. 


6. Status Register 

The eight-bit status register indicates which channels 
have reached a terminal count condition and includes the 
update flag described previously. 


TC STATUS FOR CHANNEL O 
TC STATUS FOR CHANNEL 1 * 
TC STATUS FOR CHANNEL 2 
TC STATUS FOR CHANNEL 3 


UPDATE FLAG 


The TC status bits are set when the Terminal Count (TC) 
output is activated for that channel. These bits remain set 
until the status register is read or the 8257 is reset. The 
UPDATE FLAG, however, is not affected by a status 
register read operation. The UPDATE FLAG can be 
cleared by resetting the 8257, by changing to the non-auto 
load mode ({i.e., by resetting the AUTO LOAD bit in the 
Mode Set register) or it can be left to clear itself at the 
completion of the update cycle. The purpose of the 
UPDATE FLAG is to prevent the CPU from inadvertently 
skipping a data block by overwriting a starting address or 
terminal count in the Channel 3 registers before those 
parameters are properly: auto-loaded into Channel 2. 


The user is-cautioned against reading the TC status 
register and using this information to reenable chan- 
nels that have not completed operation. Unless the 
DMA channels are inhibited a channel could reach ter- 
minal count (TC) between the status read and the mode 
write. DMA can be inhibited by a hardware gate on the 
HRQ line or by disabling channels with a mode word 
before reading the TC status. 
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Figure 5. Autoload Timing 
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OPERATIONAL SUMMARY 


Programming and Reading the 8257 Registers 


There are four pairs of “channel registers”: each pair 
consisting of a 16-bit DMA address register and a 16-bit 
terminal count register (one pair for each channel). The 
8257 also includes two “general registers”: one 8-bit 
Mode Set register and one 8-bit Status register. The 
registers are loaded or read when the CPU executes a 
write or read instruction that addresses the 8257 device 
and the appropriate register within the 8257. The 8228 
,generates the appropriate read or write control signal 
(generally 1/OR or 1/OW while the CPU places a 16-bit 
address on the system address bus, and either outputs the 
data to be written onto the system data bus or accepts the 
data being read from the data bus. All or some of the most 
significant 12 address bits As-Ais (depending on the 
systems memory, I/O configuration) are usually decoded 
to produce the chip select (CS) input to the 8257. An /O 
Write input (or Memory Write in memory mapped I/O 
configurations, described below) specifies that the 
addressed register is to be programmed, while an 1/O 
Read input (or Memory Read) specifies that the addressed 
register is to be read. Address bit 3 specifies whether a 
“channel register” (A; = 0) or the Mode Set (program 
only)/Status (read only) register (A3=1) is to be accessed. 


The least significant three address bits, Ao-A2, indicate the 
specific register to be accessed. When accessing the 
Mode Set or Status register, Ao-A2 are all zero. When 
accessing a channel register bit Ao differentiates between 
the DMA address register (Ao = 0) and the terminal count 
register (Ap = 1), while bits A, and A2 specify one of the 


8257 Register Selection 


| appREss inputs | INPUTS 


coo mR cogooE 
Ar Ae As As A3 A Ai 


REGISTER 


CH-0 DMA Address 
CH-0 Terminal Count 
CH-1 DMA Address 
CH-1 Terminal Count 
CH-2 DMA Address 
CH-2 Terminal Count 
CH-3 OMA Address 
CH-3 Terminal Count 


MODE SET (Program only) 
STATUS (Read only) 
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CONTROL INPUT 


Program Half of a 
Channel Register 


Read Half of a 
Channel Register 


Program Mode Set 
Register 


Read Status Reg/ister 


four channels. Because the “channel registers” are 16- 
bits, two program instruction cycles are required to load 
or read an entire register. The 8257 contains a first/last 
(F/L) flip flop which toggles at the completion of each 
channel program or read operation. The F/L flip flop 
determines whether the upper or lower byte of the register 
is to be accessed. The F/L flip flop is reset by the RESET 
input and whenever the Mode Set register is loaded. To 
maintain proper synchronization when accessing the 
“channel registers” all channel command instruction 
operations should occur in pairs, with the lower byte of a 
register always being accessed first. Do not allow CS to 
clock while either I7OR or i/OW is active, as this will cause 
an erroneous F/L flip flop state. In systems utilizing an 
interrupt structure, interrupts should be disabled prior to 
any paired programming operations to prevent an 
interrupt from splitting them. The result of such a split 
would leave the F/L F/F in the wrong state. This problem is 
Particularly obvious when other DMA channels are 
programmed by an interrupt structure. 


*BI-DIRECTIONAL DATA BUS 


Same as Channel 0 


Same as Channel 0 


Same as Channel 0 


ows co a4 00 2400 H4 0090 


AL |} TCS| EW] RP | EN3 | EN2/EN1 /ENO 
UP | TC3 | TC2 | TC1 | TCO 


coo “woe wo Ao Ho Ho Aw0o HO Ho 


o 


*Ao-Ais: DMA Starting Address, Co-C13: Terminal Count value (N-1), Rd and Wr: DMA Verify (00), Write (01) or Read (10) cycle selection, 
AL: Auto Load, TCS: TC STOP, EW: EXTENDED WRITE, RP: ROTATING PRIORITY, EN3-ENO: CHANNEL ENABLE MASK,UP: UPDATE 


FLAG, TC3-TCO: TERMINAL COUNT STATUS BITS. 
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RESET 


SI 
SAMPLE ORQn LINES 
SET HROIF ORQn=1 


so 
SAMPLE HLDA 
RESOLVE ORQn PRIORITIES- 


s! 
PRESENT AND LATCH 
UPPER ADDRESS 
PRESENT LOWER ADDRESS 


s2 
ACTIVATE READ COMMANO 
ADVANCED WRITE COMMAND 
AND DACKn 


s 
ACTIVATE WRITE COMMAND 
ACTIVATE MARK AND TC 
1F APPROPRIATE 


“ 

RESET ENABLE FOR CHANNEL N IF 
TC STOP AND TC ARE ACTIVE. 
DEACTIVATE COMMANDS. 
DEACTIVATE DACKn, MARK ANDO TC. 
SAMPLE DRQn AND HLDA 
RESOLVE DROn PRIORITIES. 
RESET HRO IF HLDA = 0 OR DRO =0. 


1 DRQn refers to any ORQ line on an enabled DMA channel. 
—  ——— 


Figure 6. DMA Operation State Diagram 


DMA OPERATION 
Single Byte Transfers ‘ 


Asingle byte transfer is initiated by the I/O device rais- 
ing the DRQ line of one channel of the 8257. If the chan- 
nel is enabled, the 8257 will output a HRQ to the CPU. 
The 8257 now waits until a HLDA is received insuring 
that the system bus is free for Its use. Once HLDA Is 
received the DACK line for the requesting channel Is ac- 
tivated (LOW). The DACK line acts as a chip select for 
the requesting I/O device. The 8257 then generates the 


tead and write commands and byte transfer occurs be- 
tween the selected I/O device and memory. After the 
transfer is complete, the DACK line is set HIGH and the 
HRQ line is set LOW to indicate to the CPU that the bus 
Is now free for use. DRQ must remain HIGH until DACK 
is issued to be recognized and must go LOW before S4 
of the transfer sequence to prevent another transfer 
from occuring. (See timing diagram.) 


Consecutive Transfers 


If more than one channel requests service simultaneous- 
ly, the transfer will occur in the same way a burst does. 
No overhead is incurred by switching from one channel 
to another. In each S4 the DRQ lines are sampled and 
the highest priority request is recognized during the 
next transfer. A burst mode transfer in a lower priority 
channel will be overridden by a higher priority request. 
Once the high priority transfer has completed control 
will return to the lower priority channel if its DRQ is still 
active. No extra cycles are needed to execute this se- 
quence and the HRQ line remains active until all DRQ 
lines go LOW. 


Control Override 


The continuous DMA transfer mode described above 
can be interrupted by an external device by lowering the 
HLDA line. After each DMA transfer the 8257 samples 
the HLDA line to insure that It Is still active. If it is not 
active, the 8257 completes the current transfer, releases 
the HRQ line (LOW) and returns to the idle state. If DRQ 
lines are still active the 8257 will raise the HRQ line in 
the third cycle and proceed normally. (See timing 
diagram.) 


Not Ready 


The 8257 has a Ready input similar to the 8080A and the 
8085A. The Ready line is sampled in State 3. If Ready Is 
LOW the 8257 enters a wait state. Ready is sampled dur- 
ing every wait state. When Ready returns HIGH the 8257 
proceeds to State 4 to complete the transfer. Ready is 
used to interface memory or I/O devices that cannot 
meet the bus set up times required by the 8257. 


Speed 


The 8257 uses four clock cycles to transfer a byte of 
data. No cycles are lost In the master to master transfer 
maximizing bus efficiency. A 2MHz clock input will 
allow the 8257 to transfer at a rate of 500K bytes/second. 


Memory Mapped I/O Configurations 


The 8257 can be connected to the system bus as a memory 
device instead of as an I/O device for memory mapped I/O 
configurations by connecting the system memory control 
lines to the 8257's I/O control lines and the system 1/O 
control lines to the 8257's memory control lines. 


This configuration permits use of the 8080's considerably 
larger repertoire of memory instructions when reading or 
loading the 8257's registers. Note that with this 
connection, the programming of the Read (bit 15) and 
Write (bit 14) bits in the terminal count register will have a 
different meaning: 
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Figure 11. Detailed System Interface Schematic 
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Figure 7. System Interface for Memory Mapped I/O 


SYSTEM APPLICATION EXAMPLES 


4, °O 
DMA Verify Gyole 


DMA write Cycles,“ # 
Illegal ay Mor 


Figure 8. TC Register for Memory Mapped I/O Only 


OMA CONTROLLER 


SYSTEM 
RAM 
MEMORY 


Figure 9. Floppy Disk Controller (4 Drives) 


AODRESS BUS 


CONTROL BUS 


TELEPHONE 
LINES 


Figure 10. High-Speed Communication Controller 
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ABSOLUTE MAXIMUM RATINGS* “COMMENT: Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opere-: 


Ambient Temperature Under Bias......... 0°C to 70°C tion of the device at these or any other conditions‘above {} 
Storage Temperature .........-.--% -65°C to +150°C those indicated in the operational sections of this specifi ee : 
Voltage on Any Pin cation is not implied. Exposure to absolute maximum’: ws 

With Respect to Ground. ........... —0.5V to +7V rating conditions for extended periods may affect device 
Power Dissipation... 2... . 2. eee ee eee eee 1 Watt reliability. 


D.C. CHARACTERISTICS 

Ta = 0°C to 70°C, Voc = +5V + 5%, GND = OV 

symeou | PARAMETER | IN. | MAX. | UNIT | 
[input tow Vote «=| 08 | Votes | 


| 20 | 

[output tow votuse SSS * as] V 

Output High Voltage ee a 
| 33 | vec | 
a 
eee 
ao 


TEST CONDITIONS 


lon =-150yA for AB, 
DB and AEN 
lon=-80yA for others 


HRQ Output High Voltage 


Input Leakage 
Output Leakage During Float 


mA 
Vin = Vcc to OV 
Vout = Vcc to 0V 


ma 


CAPACITANCE 
Ta = 25°C; Veg = GND = OV 


PARAMETER | min. | 
Input Capacitance | 


1/0 Capacitance 


SYMBOL 


Unmeasured pins 
returned to GND 
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A.C. CHARACTERISTICS: PERIPHERAL (SLAVE) MODE 
Ta = 0°C to 70°C, Voc = 5.0V +5%; GND = OV (Note 1). 


8080 Bus Parameters 
Read Cycle: 


(Note 2) 


Adr Hold from WRt 
Data Setup to WRt 
Data Hold from WRt 
WR Width 


| ns _| 
|_ns_| 
|_ns_| 
| _ns_| 
eee Test Conditions 
| ns 
| as_| 


Other Timing: 


| ns _| 
|_as_| 
| ns 
8257 8257-5 
Parameter Min. Max. Min. Max. 
| ns 
[us | 


Symbol Test Conditions 


ce a 
Power Sunpivt Wee) SauproRetr | soo i soo 
esi ce | 
Seuatfal'Tine SCC] 

ae pe 


Reset to First |/OWR 


Notes: 1. All timing measurements are made at the following reference voltages unless specified otherwise: Input “1” at 2.0V, “O" at 0.8V 


2. 8257: Cy = 100pF, 8257-5: Cy = 150pF. Output “1” at 2.0V, “0” at 0.8V 
8257 PERIPHERAL MODE TIMING DIAGRAMS 
Write Timing: Read Timing: 


CHIPSELECT CHIP SELECT | 


ADDRESS BUS ADORESS BUS 


DATA BUS 


owr 


Reset Timing: Input Waveform for A.C. Tests: 


24 


20 
os 


to ~ 


= 
pga TEST POINTS 


8257/8257-5 


A.C. CHARACTERISTICS: DMA (MASTER) MODE Tp = 0°C to 70°C, Veg = +5V #5%, GND = ov : 


Timing Requirements 


PARAMETER 


= 
> 
x 


% 
i?) 
< Hy 


SYMBOL 


Ta 
DROt Setup to 0} (SI, S4) 


[ao [| 
PDRO! Hold romnuoarlT™ | 9 | J 
[HUDAt oriseupreousis | oo | —_—*d 
[READY Sew Time rot (3.5m | a0 | 
[READY Wo Tineomet2.on) [|__| 


Note: 4. Tracking Parameter. 


Tracking Parameters 


Signals labeled as Tracking Parameters (footnotes 4-7 under A.C. Specifications) are signals that follow similar paths 
through the silicon die. The propagation speed of these signals varies in the manufacturing process but the rela- 
tionship between all these parameters is constant. The variation Is less than or equal to 50 ns. 


Suppose the following timing equation is being evaluated, 
Ta(miN) + Teymaxy = 150 ns . 


and only minimum specifications exist for Ta and Tg. If Tacmin) iS used, and If Ta and Tg are tracking parameters, 
Temax Can be taken as Tain) + 50 ns. 


Tamin) + (Taminy’ + 50 ns) < 150ns 
“if T, and Tg are tracking parameters 
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S 

A.C. CHARACTERISTICS: DMA (MASTER) MODE 1, = 0°c to 70°C, Voc = +5025, Ofiby ov 

Timing Responses 1 dp a 
“6 pp 


ao 
N 
a 
~ 


SYMBOL PARAMETER 


Toa HROt or {Delay from 0 t(SI,S4) 
(measured at 2.0V)!"1 


Toa HROt or {Delay from 6 t(SI,S4) 
(measured at 3.3V)!31 


TaeL AENT Delay from 04(S1)!"1 

Taet AENJ Delay from 6 (SI)!"! 

Tac Adr(AB) (Active) Delay from AENt(S1)!41 
Teaas | Adr(AB) (Active) Delay from 6 t (S1)!2I 
TaraB Adr(AB) (Float) Delay from 6t(SI)l2I 
Tasm Adr(AB)(Stable) Delay from 6 t (S1)!21 
Adr(AB) (Stable) Hold from 6 (S1)!21 Tasm- 
Adr(AB)(Valid) Hold from Rdt (S1,S!)!41 
Adr (AB) (Valid) Hold from Wrt (S1,S1)!41 


~ 
8 
oO 


s 


TaH 


TaHR 


TaHw 
Teaps Adr(DB)(Active) Delay from @(S1)(2] 
Tarog | Adr(DB){Float) Delay from 0 t (S2)!2) 


Tasc Rdt or Wr(Ext)4 Delay from AdrStb4(S2)!41 7 


PAar(OBi¢Acie Ono rom ons | 
FAdr(0B) Flom) Delay romaTisai™ | 
Te es 
Ter ee eo 
Pa 


ss 
So 
: 


= 
Loa 
50] 
50] 
= 
7 
— 
ee 
= 
=< 
ra 
se 
= 
0 
fon 
[200] 
180 _| 
a 
Ea 
ay 


Tosc RdJ or Wr(Ext)4 Delay from Adr(DB) ns 
(Float) (S2)I41 

Tak DACKt or {Delay from 04(S2,S1) and ns 
TC/Markt Delay from @t(S3) and 
TC/Mark4 Delay from 6+ (S4)!1.51 

Toct Rd} or Wr(Ext)4 Delay from 0t(S2) and ns 
Wr Delay from @t ($3)! 2.61 

Toct Rdt Delay from @4(S1,SI) and ns 
Wrt Delay from 6 t(S4)!2-7] 

Tawm Rd Width (S2-S1 or SI)I4) 2Tcy + Te-50 2Tcy + Te-50 | | ns 

Tay [wan (SS Pree [ae 

Twwae | Wr(Ext) Width (S2-$4)I41 2ey-50 Qy-50 | ssn 


Notes: 1. Load=1TTL. 2. Load=1TTL+S50pF. 3. Load=1TTL+ (RU = 3.3K), VoH = 3.3V. 4. Tracking Parameter. 
5. ATaK <50ns. 6. ATpcL <50ns. 7. ATpctT < 5008. 


rr) 
oo 
rx} 


8257/8257-5 


DMA MODE WAVEFORMS 
CONSECUTIVE CYCLES AND BURST MODE SEQUENCE 


sis | st | so | st | sz yf ssf se | st | sz | ss | s sj sh | st 
CLOCK 
Tey 
= | 
oraos EDT" 
[ss 


HRO 
Tus 
Tou 
HLDA / X - 
Tact Tater 


Traps 


DATA 0.7 (UPPER ADR) — — — Ey 


Tste 


ADR STB A= 
DACK 0-3 
af 

Trac Toct nee 

MEM/RO/VO RD — — — esis y °° °&«x[ —— 
—e=] Town 
T 
[ | oer Tare 
Y 


MEMMRITO WR — — — hia 
a 
TCMARK_ _ Tht 
ab Ushelk 
ctock 


NOTE: The clock waveform is | ae | | 
duplicated for clarity. si SI s2 33 -“ s2 3 si 
‘The 8257 requires only 
one clock input. 


Figure 12. Consecutive Cycles and Burst Mode Sequence 
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Figure 13. Control Override Sequence 
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Figure 14. Not Ready Sequence 
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" PROGRAMMABLE INTERRUPT CONTROLLER“, “ 


tn 
Veg 


7 


=u MCS-86™ Compatible ; = Programmable Interrupt Modes 

a MCS-80/85™ Compatible a Individual Request Mask Capability 
a Eight-Level Priority Controller u Single +5V Supply (No Clocks) 

a Expandable to 64 Levels a 28-Pin Dual-In-Line Package 


The Intel® 8259A Programmable Interrupt Controller handles up to eight vectored priority Interrupts for the CPU. It is 
cascadable for up to 64 vectored priority interrupts without additional circuitry. It Is packaged in a 28-pin DIP, uses 
NMOS technology and requires a single + 5V supply. Circuitry is static, requiring no clock input. 


The 8259A is designed to minimize the software and real time overhead in handling multi-level priority interrupts. It has 
several modes, permitting optimization for a variety of system requirements. 


The 8259A is fully upward compatible with the Intel® 8259. Software originally written for the 8259 will operate the 
8259A in all 8259 equivalent modes (MCS-80/85, Non-Buffered, Edge Triggered). , 
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DATA 
BUS 
BUFFER 


CONTROL LOGIC 


1 
2 
3 
4 
5 
6 
7 
8 
9 


INTERRUP 
REQuEST J*— !R3 
REG 
(IRR) 


PIN NAMES 


0,-Dg DATA BUS (BI-DIRECTIONAL) 


_ READ INPUT 
WRITE INPUT 
COMMAND SELECT AODRESS 


CHIP SELECT 
CAS2.CASO CASCADE LINES 

SLAVE PROGRAM INPUT/ENABLE 
INTERRUPT OUTPUT 
INTERRUPT ACKNOWLEDGE INPUT 
INTERRUPT REQUEST INPUTS 
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INTERRUPTS IN MICROCOMPUTER 
SYSTEMS 


Microcomputer system design requires that I/O devices 
such as keyboards, displays, sensors and other com- 
ponents receive servicing in an efficient manner so that 
large amounts of the total system tasks can be assumed 
by the microcomputer with little or no effect on through- 
put. 


The most common method of servicing such devices Is 
the Polled approach. This is where the processor must 
test each device in sequence and In effect “ask” each 
one if it needs servicing. It is easy to see that a large por- 
tion of the main program is looping through this con- 
tinuous polling cycle and that such a method would 
have a serious, detrimental effect on system through- 
put, thus limiting the tasks that could be assumed by 
the microcomputer and reducing the cost effectiveness 
of using such devices. 


A more desirable method would be one that would allow 
the microprocessor to be executing its main program 
and only stop to service peripheral devices when it is 
told to do so by the device itself. In effect, the method 
would provide an external asynchronous input that 
would inform the processor that it should complete 
whatever instruction that is currently being executed 
and fetch a new routine that will service the requesting 
device. Once this servicing is complete, however, the 
processor would resume exactly where it left off. 


This method is called Interrupt. \It is easy to see that 
system throughput would drastically increase, and thus 
more tasks could be assumed by the microcomputer to 
further enhance its cost effectiveness. 


The Programmable Interrupt Controller (PIC) functions 
as an overall manager in an Interrupt-Driven system 
environment. It accepts requests from the peripheral 
equipment, determines which of the incoming requests 
is of the highest importance (priority), ascertains 
whether the incoming request has a higher priority value 
than the level currently being serviced, and issues an 
interrupt to the CPU based on this determination. 


Each peripheral device or structure usually has a special 
program or “routine” that is associated with Its specific 
functional or operational requirements; this Is referred 
to as a “service routine”. The PIC, after issuing an Inter- 
rupt to the CPU, must somehow input information into 
the CPU that can “point” the Program Counter to the 
service routine associated with the requesting device. 
This “pointer” Is an address in a vectoring table and will 
often be referred to, in this document, as vectoring data. 


8259A BASIC FUNCTIONAL DESCRIPTION 
GENERAL 


The 8259A Is a device specifically designed for use in 
real time, interrupt driven microcomputer systems. It 
manages eight levels or requests and has built-in fea- 
tures for expandability to other 8259A'’s (up to 64 levels). 
It is programmed by the system's software as an I/O 
peripheral. A selection of priority modes Is available to 
the programmer so that the manner In which the re- 
quests are processed by the 8259A can be configured to 


match his system requirements. The priority modes can 
be changed or reconfigured dynamically at any time dur- 
ing the main program. This means that the complete in- 
terrupt structure can be defined as Reguliee based on 
the total system environment. ae 


aoe 


vot) 


CPU-DRIVEN 
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Polled Method 


|! 
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Interrupt Method 
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INTERRUPT REQUEST REGISTER (IRR) AND 
IN-SERVICE REGISTER (ISR) 


The Interrupts. at the IR input lines are handled by two 
; registers. In cascade, the Interrupt Request Register 
(IRR) and the In-Service Register (ISR). The IRR is used 


>» to store all ttie interrupt levels which are requesting ser- 


"vice; and the ISR is used to store all the interrupt levels 
3 which are being serviced. 


x 


* PRIORITY RESOLVER 

This logic block determines the priorities of the bits set 
in the IRR. The highest priority is selected and strobed 
Into the corresponding bit of the ISR during INTA pulse. 


INTERRUPT MASK REGISTER (IMR) 


The IMR stores the bits which mask the interrupt lines 
to be masked. The IMR operates on the IRR. Masking of 
a higher priority input will not affect the interrupt 
request lines of lower priority. 


INT (INTERRUPT) 


This output goes directly to the CPU interrupt input. The 
Von level on this line is designed to be fully compatible 
with the 8080A, 8085A and 8086 input levels. 


INTA (INTERRUPT ACKNOWLEDGE) 


INTA pulses will cause the 8259A to release vectoring 
Information onto the data bus. The format of this data 
depends on the system mode (uPM) of the 8259A. 


DATA BUS BUFFER 


This 3-state, bidirectional 8-bit buffer is used to inter- 
face the 8259A to the system Data Bus. Control words 
and status information are transferred through the Data 
Bus Buffer. 


READ/WRITE CONTROL LOGIC 


The function of this block is to accept OUTput com- 
mands from the CPU. It contains the Initialization Com- 
mand Word (ICW) registers and Operation Command 
Word (OCW) registers which store the various control 
formats for device operation. This function block also 
allows the status of the 8259A to be transferred onto the 
Data Bus. 


CS (CHIP SELECT) 


A LOW on this input enables the 8259A. No reading or 
writing of the chip will occur unless the device is 
selected. 


WR (WRITE) 


A LOW on this Input enables the CPU to write control 
words (ICWs and OCWs) to the 8259A. 


RD (READ) 

A LOW on this input enables the 8259A to send the 
status of the Interrupt Request Register (IRR), In Service 
Register (ISR), the Interrupt Mask Register (IMR), or the 
Interrupt level onto the Data Bus. 


CONTROL LOGIC 


Pi 


INTERNAL BUS 


Bist sk ht aad A est LS. eee a i} 


8259A Block Diagram 


8259A Block Diagram 


Ao 

This Input signal is used In conjunction with WR and RD 
signals to write commands Into the various command 
registers, as well as reading the various status registers 
of the chip. This line can be tied directly to one of the ad- 
dress lines. 
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THE CASCADE BUFFERICOMPARATOR 


This function block stores and compares the IDs of all 
8259A's used in the system. The associated three I/O 
pins (CASO-2) are outputs when the 8259A is used as a 
master and are inputs when the 8259A is used as a 
slave. As a master, the 8259A sends the ID of the inter- 
rupting slave device onto the CASO-2 lines. The slave 
thus selected will send its preprogrammed subroutine 
address onto the Data Bus during the next one or two 
consecutive INTA pulses. (See section “Cascading the 
8259A".) 


INTERRUPT SEQUENCE 


The powerful features of the 8259A in a microcomputer 
system are its programmability and the interrupt routine 
addressing capability. The latter allows direct or indirect 
jumping to the specific interrupt routine requested 
without any polling of the interrupting devices. The nor- 
mal sequence of events during an interrupt depends on 
the type of CPU being used. 


The events occur as follows in an MCS-80/85 system: 


1,One or more of the INTERRUPT REQUEST lines 
(IR7-0) are raised high, setting the corresponding IRR 
bit(s). 

2. The 8259A evaluates these requests, and sends an 
INT to the CPU, if appropriate. 

3. The CPU acknowledges the INT and responds with an 
INTA pulse. 

4. Upon receiving an INTA from the CPU group, the 
highest priority ISR bit is set, and the corresponding 
IRR bit is reset. The 8259A will also release a CALL in- 
struction code (11001101) onto the 8-bit Data Bus 
through its D7-0 pins. 

5. This CALL instruction will initiate two more INTA 
pulses to be sent to the 8259A from the CPU group. 

6. These two INTA pulses allow the 8259A to release its 
preprogrammed subroutine address onto the Data 
Bus. The lower 8-bit address is released at the first 
INTA pulse and and the higher 8-bit address is re- 
leased at the second INTA pulse. 

7. This completes the 3-byte CALL instruction released 
by the 8259A. In the AEOI mode the ISR bit is reset at 
the end of the third INTA pulse. Otherwise, the ISR bit 
remains set until an appropriate EO! command is 
issued at the end of the interrupt sequence. 


The events occurring in an MCS-86 system are the same. 


until step 4. 


4. Upon receiving an INTA from the CPU group, the high- 
est priority ISR bit is set and the corresponding IRR 
bit Is reset. The 8259A does not drive the Data Bus 
during this cycle. 

5. The MCS-86 CPU will initiate a second INTA pulse. 
During this pulse, the 8259A releases an 8-bit pointer 
onto the Data Bus where it is read by the CPU. 


6. This completes the interrupt cycle. In the AEOI mode 


the ISR bit is reset at the end of the second INTA 


pulse. Otherwise, the ISR bit remains set until an 
appropriate EOI command Is issued at the end of the 
interrupt subroutine. 


If no interrupt request Is present at. step 4° of elther 
sequence (i.e., the request was too short in duration) the 
8259A will issue an interrupt level 7. Both the vectoring | 
bytes and the CAS lines will look like an intereypt) devel. ty Ay 
was requested. j 


INTA INT 


1 
INTERNAL BUS | 
! 
4 


8259A Block Diagram 


ADDRESS BUS (16) 


CONTROL BUS 


[| di Jif rs 


DATA BUS (8) 


co AS 


0,-0, INT INTA 


|] caso 
CAS! 8259A 


CAS2 {RO IRQ IRQ IRQ IRQ IAQ IRA IRO 
SER 7, 6 6 1 oO 


REQUESTS 


8259A Interface to Standard System Bus 
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INTERRUPT SEQUENCE OUTPUTS 
MCS-80/85 SYSTEM 


This sequence Is timed by three INTA pulses. During the 
first INTA pulse the CALL opcode is enabled onto the 
data bus. 


Content of First Interrupt 
Vector Byte 


CALL CODE 


During the second INTA pulse the lower address of the 
appropriate service routine is enabled onto the data bus. 
When Interval = 4 bits As-A7 are programmed, while Ao- 
Ai are automatically inserted by the 8259A. When Inter- 
val = 8 only Ag and A? are programmed, while Ag-As are 
automatically inserted. 


Content of Second Interrupt 
Vector Byte 


>\o 
NIN 
&|8 
>\|o 
aia 
° 
> 
9 
oe 
o 
Nn 
9 
2 
°|8 


> 
N 
=~|- 

ojol-|-= 


> 
a 
> 
w 


> 
N 
> 
a 
> 
7] 


> 
N 
> 
a 
> 
(7) 
o|-= 


> > 

N N 

> 

PIES 

> > 

7) ao 

alo 
o}|-=|ol-=lo|/=|o]— 
elolololololojo 


>|> 

NIN 

Bla 

P|> 

ala 

o|o|°o 

o|o 
ofo|/ol/oj/ol/o|o 


Lm | 

| | 07 dé DS 04 03 od2 O01 0 
[7 | a7 AB 4 1 1 0 o 0 
a a ee ee 
rey i ee 
| «| ar ae. 4 oo oO oO Oo 
[3 | a7 ABO 1 1 oo 0 
[2] a7 aso 1 0 a ee 
i ae 0 1 0 oo 
lo[ a7 AB 0 0 © 0 oO oO 


During the third INTA pulse the higher address of the ap- 
propriate service routine, which was programmed as 
byte 2 of the initialization sequence (Ag-A45), is enabled 
onto the bus. - 51 


Content of Third Interrupt 
Vector Byte 


07 


06 05 04 D3 02 D1 i) 
[ais | au [ara] ar2 [ars [aro Tao T a8 | 


MCS-86 SYSTEM 


MCS-86 mode Is similar to MCS-80 mode except that 
only two Interrupt Acknowledge cycles are issued by 
the processor and no CALL opcode is sent to the proc- 
essor. The first interrupt acknowledge cycle is similar to 
that of MCS-80/85 systems in that the 8259A uses it to 
Internally freeze the state of the interrupts for priority 
resolution and as a master it issues the interrupt code 
on the cascade lines at the end of the INTA pulse. On 
this first cycle it does not issue any data to the proc- 
essor and leaves its data bus buffers disabled. On the 
second interrupt acknowledge cycle in MCS-86 mode 
the master (or slave if so programmed) will send a byte 
of data to the processor with the acknowledged inter- 
tupt code composed as follows (note the state of the 
ADI mode control is ignored and As-A,, are unused in 
MCS-86 mode): 


Content of Interrupt Vector Byte 
for MCS-86 System Mode 


5-91 


8259A 


PROGRAMMING THE 8259A 


The 8259A accepts two types of command words gener- 
ated by the CPU: 


_ 


. Initialization Command Words (IC Ws): Betore normal 
operation can begin, each 8259A in the system must 
be brought to a starting point — by a sequence of 2 to 
4 bytes timed by WR pulses. This sequence is 
described in Figure 1. 


2. Operation Command Words (OCWs): These are the 
command words which command the 82594 to oper- 
ate in various interrupt modes. These modes are: 
a. Fully nested mode 
b. Rotating priority mode 
c. Special mask mode 
d. Polled mode 


The OCWs can be written into the 8259A anytime after 
initialization. 


aogw 


INITIALIZATION 
GENERAL 


Whenever a command is issued with AO =0 and D4 44," 
this is interpreted as Initialization Command Word %.,7 
(ICW1). ICW1 starts the initialization sequence during « 
which the following automatically occur. 

. The Interrupt Mask Register is cleared. 

. IR 7 input is assigned priority 7. 

. The slave mode address is set to 7. 


. Special Mask Mode is cleared and Status Read is set to 
IRR. 


e. If 1C4=0, then all functions selected in ICW4 are set to 


zero. (Non-Buffered mode’, no Auto-EO!, MCS-80/85 
system, non SFNM). 


“Note: Master/Slave in ICW4 is only used in the buffered mode. 


IRR, ISR or Interrupting Level—» DATA BUS (Note 1) 
IMR —>DATA BUS 


OUTPUT OPERATION (WRITE) 
DATA BUS » OCW2 


DATA BUS ~OCW3 
DATA BUS ICW1 
DATA BUS  OCW1, ICW2, ICW3, ICW4 (Note 2) 


DISABLE FUNCTION 


Notes: 1. Seleclion of IRR, ISR or Interrupting Level is based on the content of OCW3 written before the READ Operation. 
2. On-chip sequencer logic queues these commands into proper sequence 


8259A Basic Operation 


8259A 


INITIALIZATION COMMAND WORDS 1 AND 2 
(Icw1, ICW2) 


As-A5: Page starting address of service routines. |n an 
MCS 80/85 system, the 8 request levels will generate 
CALLs to 8 locations equally spaced in memory. These 
can be programmed to be spaced at intervals of 4 or 8 
memory locations, thus the 8 routines will occupy a 
page of 32 or 64 bytes, respectively. 


The address format is 2 bytes long (Ap-A45). When the 
routine interval is 4, Ag-A4 are automatically inserted by 
the 8259A, while As-Ais are programmed externally. 
When the routine interval is 8, Ag-As are automatically 
inserted by the 8259A, while Ag-A;5 are programmed 
externally. 


The 8-byte interval will maintain compatibility with cur- 
rent software, while the 4-byte interval is best fora com- 
pact jump table. 


In an MCS-86 system Aj5-Aj, are inserted in the five 
most significant bits of the vectoring byte and the 
8259A sets the three least significant bits according to 
the interrupt level. Ayo-As are ignored and ADI (Address 
interval) has no effect. 


LTIM: If LTIM=1, then the 8259A will operate in the 
level interrupt mode. Edge detect logic on the 
interrupt inputs will be disabled. 

ADI: CALL address interval. ADI =1 then interval = 4; 


ADI=0 then interval = 8. 
SNGL: Single. Means that this is the only 8259A in the 
system. If SNGL= 1 no ICW3 will be issued. 
If this bit is set — ICW4 has to be read. If ICW4 
is not needed, set IC4=0. 


IC4: 


INITIALIZATION COMMAND WORD’ 3 yowe, 


This word is read only when there et one 
8259A in the system and cascading is’ysed,” Wywhich 
case SNGL=0. It will load the 8-bit slave regtstersThe, 


functions of this register are: bp, “ty, “2 


a. In the master mode (either when SP = 1, or in butféred 
mode when M/S=1 in ICW4) a "1" Is set for éach, 


com 


slave in the system. The master then will release byte Oy 


1 of the call sequence (for MCS-80/85 system) and will 
enable the corresponding slave to release bytes 2 and 
3 (for MCS-86 only byte 2) through the cascade lines. 

b. In the slave mode (either when SP=0, or if BUF =1 
and M/S=0 in ICW4) bits 2-0 identify the slave. The 
slave compares Its cascade input with these bits and, 
if they are equal, bytes 2 and 3 of the call sequence (or 
just byte 2 for MCS-86) are released by it on the Data 
Bus. 


INITIALIZATION COMMAND WORD 4 (IC W4) 


SFNM: If SFNM=1 the special fully nested mode is 
programmed. 

If BUF =1 the buffered mode is programmed. In 
buffered mode SP/EN becomes an enable outp 
and the master/slave determination is by M/S. 

If buffered mode is selected: M/S=1 means the 

8259A Is programmed to be a master, M/S=0 
means the 8259A is programmed to be a slave. If 
BUF =0, M/S has no function. 

If AEOI=1 the automatic end of interrupt mode 
Is programmed. 

Microprocessor mode: pPM=0 sets the 8259A 
for MCS-80/85 system operation, y#PM=1 sets 
the 8259A for MCS-86 system operation. 


BUF: 


MIS: 


AEOI: 


YES 
{SNGL = 1) 


NO 


YES (IC4=1) 


Icw1 


Icw2 


(SNGL=0) 


Icw3 


Icw4a 


READY TO ACCEPT REQUESTS 
IN THE FULLY NESTED E 


Figure 1. Initialization Sequence 
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CALL ADORESS INTERVAL 
INTERVAL OF 4 
INTERVAL OF 


T= LEVEL TRIGGERED INPUT 
O= EDGE TRIGGERED INPUT 


A7 - As OF LOWER 
ROUTINE ADDRESS 
(4CS-80/85 MODE ONLY) 


1= IR INPUT HAS A SLAVE 
0+ IR INPUT DOES NOT HAVE 
ASLAVE 


1 = MCS 86 MODE 
0 = MCS-80/85 MODE 


1= AUTO EO! 
0 = NORMAL EOI 


NON BUF FERED MODE 
BUFFERED MODE/SLAVE 
BUFFERED MODE/MASTER 


1= FULLY NESTED MODE 
O» NOT FULLY NESTED MODE 


NOTE 1: SLAVED ID IS EQUAL TO THE CORRESPONDING MASTER IR INPUT. 
NOTE 2: X INDICATED “DON'T CARE”. 


Initialization Command Word Format 
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OPERATION COMMAND WORDS (OCWs) 


After the Initialization Command Words (ICWs) are pro- 
grammed into the 8259A, the chip is ready to accept 
interrupt requests at its input lines. However, during the 
8259A operation, a selection of algorithms can com- 
mand the 8259A to operate in various modes through 
the Operation Command Words (OCWs). 


OPERATION CONTROL WORDS (OCWs) 


ocw1 


AO 07 D6 Os 04 D3 o2 o1 DO 
] M7 M6 MS M4 M3 M2 Mi MO 


ocw2 


[o] R SEO! GO. 0 0 &@ Ui Lo 


ee Fee 


[o] | 0 SSMMSMM 0 1 P_ SRIS_AIS| SMM SRIS_ RIS 
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“tp. 


OPERATION CONTROL WORD 1 (cw) ty 


OCW1 sets and clears the mask bits fy; the ft p rrupt 

Mask Register (IMR). M7-Mo represent thé. Bight mask 

bits. M=1 indicates the channel is masked Uphipitedy 
“, 


M=0 indicates the channel is enabled. 


OPERATION CONTROL WORD 2 (OCW2) 


R, SEO!, EO! — These three bits control the Rotate and 
End of Interrupt modes and combinations of the two. A 
chart of these combinations can be found on the Opera- 
tion Command Word Format. 


Lz, Ly}, Lo — These bits determine the interrupt level 
acted upon when the SEOI bit is active. 


OPERATION CONTROL WORD 3 (OCW3) 


ESMM — Enable Special Mask Mode. When this bit is 
set to 1 it enables the SMM bit to set or reset the Special 
Mask Mode. When ESMM=0 the SMM bit becomes a 
“don't care”. 


SMM — Special Mask Mode. If ESMM=1 and SMM=1 
the 8259A will enter Special Mask Mode. If ESMM=1 
and SMM = 0 the 8259A will revert to normal mask mode. 
When ESMM=0, SMM has no effect. 


BCO LEVEL TO BE RESET 
OR PUT INTO LOWEST PRIORITY. 


Non speafie EOL 
Speatic EO! LOL2 code of IS FF 10 be reset 
Rotate at FOI Automatically (Mode A) 

Route at EO! Imode 8). LOL2 code of line 
Sat Rotate A FF 

Clem Route A FF 

Route pnonty (mode B) independently of EO! 
No Operation 


POLLING 
A HIGH ENABLES THE NEXT AD PULSE 
TO ACAD THE BCD CODE OF THE HIGH. 
EST LEVEL REQUESTING INTERRUPT. 


SPECIAL MASK MODE 


Operation Command Word Format 


rm 
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INTERRUPT MASKS 


Each Interrupt Request input can be masked Individu- 
ally by the Interrupt Mask Register (IMR) programmed 
through OCW1. Each bit in the IMR masks one interrupt 
channel If it is set (1). Bit 0 masks IRO, Bit 1 masks IR1 
and so forth. Masking an IR channel does not affect the 
other channels operation. 


SPECIAL MASK MODE 


Some applications may require an interrupt service 
routine to dynamically alter the system priority struc- 
ture during its execution under software control. For 
example, the routine may wish to Inhibit lower priority 
requests for a portion of its execution but enable some 
of them for another portion. 


The difficulty here is that if an Interrupt Request is 
acknowledged and an End of Interrupt command did not 
reset its IS bit (i.e., while executing a service routine), 
the 82594 would have inhibited all lower priority 
requests with no easy way for the routine to enable 
them 


That Is where the Special Mask Mode comes in. In the 
special Mask Mode, when a mask bit is set in OCW1, it 
inhibits further interrupts at that level and enables inter- 
rupts from a// other levels (lower as well as higher) that 
are not masked. 


Thus, any interrupts may be selectively enabled by 
loading the mask register. 


The special Mask Mode is set by OCW3 where: 
SSMM=1, SMM=1, and cleared where SSMM=1, 
SMM=0. 


BUFFERED MODE 


When the 8259A is used In a large system where bus 
driving buffers are required on the data bus and the cas- 
cading mode is used, there exists the problem of enabl- 
Ing buffers. 


The buffered mode will structure the 8259A to send an 
enable signal on SP/EN to enable the buffers. In this 
mode, whenever the 8259A's data bus outputs are ena- 
bled, the SP/EN output becomes active. 


This modification forces the use of software program- 
ming to determine whether the 8259A Is a master or a 
slave. Bit 3 in ICW4 programs the buffered mode, and bit 
2 in ICW4 determines whether it is a master or a slave. 
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NESTED MODE by, 


This mode is entered after initialization unless. another 
mode is programmed. The interrupt requests are 
ordered in priority form 0 through 7 (0 highest). When an 
interrupt is acknowledged the highest priority request Is’ 
determined and its vector placed on the bus. Additional- 
ly, a bit of the Interrupt Service register (ISO-7) is.set. 
This bit remains set until the microprocessor issues an ” 
End of Interrupt (EOI) command immediately before 
returning from the service routine, or if AEO!I (Automatic 
End of Interrupt) bit is set, until the trailing edge of the 
last INTA. While the IS bit is set, all further interrupts of 
the same or lower priority are inhibited, while higher 
levels will generate an interrupt (which will be 
acknowledged only if the microporcessor internal Inter- 
tupt enable flip-flop has been re-enabled through 
software). 

After the Initialization sequence, IRO has the hignest 
priority and IR7 the lowest. Priorities can be changed, as 
will be explained, in the rotating priority mode. 


THE SPECIAL FULLY NESTED MODE 


This mode will be used in the case of a big system 
where cascading is used, and the priority has to be con- 
served within each slave. In this case the fully nested 
mode will be programmed to the master (using ICW4). 
This mode is similar to the normal nested mode with the 
following exceptions: 


a. When an interrupt request from a certain slave is in 
service this slave is not locked out from the master's 
priority logic and further interrupt requests from 
higher priority IR’s within the slave will be recognized 
by the master and will initiate interrupts to the proc- 
essor. (In the normal nested mode a slave Is masked 
out when its request Is in service and no higher 
requests from the same slave can be serviced.) 


. When exiting the Interrupt Service routine the soft- 
ware has to check whether the interrupt serviced was 
the only one from that slave. This Is done by sending 
a non-specific End of Interrupt (EOI) command to the 
slave and then reading Its In-Service register and 
checking for zero. If it is empty, a non-specific EOI 
can be sent to the master too. If not, no EO! should be 
sent. : 


8259A 


POLL 


In this mode the microprocessor internal Interrupt 
Enable flip-flop is reset, disabling its interrupt input. 
Service to devices is achieved by programmer initiative 
using a Poll command. 


The Poll command is issued by setting P=‘'1" in OCWS. 
The 8259A treats the next RD pulse to the 8259A (i.e., 
RO =0, CS=0) as an interrupt acknowledge, sets the 
appropriate IS bit if there is a request, and reads the 
priority level. Interrupt is frozen from WR to RD. 


The word enabled onto the data bus during RD is: 


W0-W2: Binary code of the highest priority level 
requesting service. 


i: Equal to a 1” if there is an interrupt. 


This mode Is useful if there is a routine command com- 
mon to several levels so that the INTA sequence Is not 
needed (saves ROM space). Another application is to 
use the poll mode to expand the number of priority 
levels to more than 64. 


END OF INTERRUPT (EO!) 


The In Service (IS) bit can be reset either automatically 
following the trailing edge of the last in sequence INTA. 
pulse (when AEOI! bit in ICW1 is set) or by a command 
word that must be issued to the 8259A before returning 
from a service routine (EO! command). An EOI command 
must be issued twice, once for the master and once for 
the corresponding slave if slaves are in use. 


There are two forms of EOI command: Specific and Non- 
Specific. When the 8259A is operated in modes which 
preserve the fully nested structure, it can determine 
which IS bit to reset on EOI. When a Non-Specific EO! 
command is Issued the 8259A will automatically reset 
the highest IS bit of those that are set, since in the 
nested mode the highest IS level was necessarily the 
last level acknowledged and serviced. 


However, when a mode is used which may disturb the 
fully nested structure, the 8259A may no longer be able 
to determine the last level acknowledged. In this case a 
Specific End of Interrupt (SEO!) must be issued which 
Includes as part of the command the IS level to be reset. 
EOI is issued whenever EOI = 1, in OCW2, where LO-L2 1s 
the binary level of the IS bit to be reset. Note that although 
the Rotate command can be issued together with an EOI 
where EOI = 1, it is not necessarily tied to it. 


It should be noted that an IS bit that Is masked by an 
IMR bit will not be cleared by a non-specific EO! if the 
8259A is in the Special Mask Mode. 


AUTOMATIC END OF INTERRUPT (AEO!I) MODE 


If AEOI = 1 In ICW4, then the 8259A will operate in AEOI 
mode continuously until reprogrammed by ICW4. In this 
mode the 8259A will automatically perform a non- 
specific EOI operation at the tralling edge of the last 
interrupt acknowledge pulse (third pulse In MCS-80/85, 


second in MCS-86). Note that from asystem standpoint, 
this mode should be used only when anested multilevel 
interrupt structure is not required within,a single 8259A. 


To achieve automatic rotation (Rotate Mode"A) within: 
AEOI, there is a special rotate flip-flop. It is set by OCW2 


4 
Guy 


with R=1, SEOI=0, EOI=0, and cleared with:R#0, 4 
SEOI=0, EO!=0. _ 


ROTATING PRIORITY MODE A (AUTOMATIC 
ROTATION) FOR EQUAL PRIORITY DEVICES 


In some applications there are a number of interrupting 
devices of equal priority. In this mode a device, after 
being serviced, receives the lowest priority, so a device 
requesting an interrupt will have to wait, in the worst 
case until each of 7 other devices are serviced at most 
once. For example, if the priority and “in service” status 
is: 


Before Rotate (IR4 the highest priority requiring service) 


1S7 1S6 ISS IS4 IS3 IS2 IS1 ISO 


“18” States foT+To[sfoTolofoe) 
Lowest Priority Highest Priority 
rioatysuus = (71 eTs]«Tale[ 


After Rotate (IR4 was serviced, all other priorities 
rotated correspondingly) 


1s7 S68 ISS IS4 IS3 IS2 1S1 ISO 


"IS" Status Lo] Tofofopofofo| 
Highest Priority Lowest Priority 
Priority Status [2]: fol 7#e[s][4[3] 


The Rotate command mode A is issued in OCW2 where: 
R=1, EO! =1, SEO! =0. Internal status is updated by an 
End of Interrupt (EO! or AEO!) command. If R= 1, EO!=0, 
SEOI = 0, a “Rotate-A” flip-flop is set. This is useful in 
AEOI, and described under Automatic End of Interrupt 


ROTATING PRIORITY MODE B (ROTATION BY 
SOFTWARE) 


The programmer can change priorities by programming 
the bottom priority and thus fixing all other priorities; 
Le., if IRS is programmed as the bottom priority device, 
then IR6 will have the highest one. 


The Rotate command is issued in OCW2 where: R=1, 
SEOI = 1; LO-L2 is the binary priority level code of the 
bottom priority device. 


Observe that In this mode internal status is updated by 
software control during OCW2. However, it Is independ- 
ent of the End of Interrupt (EOI) command (also exe- 
cuted by OCW2). Priority changes can be executed dur- 
ing an EOI command or Independently. 
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LTIM BIT TO OTHER PRIOATY CELLS 


0=E0GE 
REQUEST 
LATCH 


Ve LEVEL 


SET ISA 


FREEZE INTERNAL 
DATA BUS 
re & x Sax 
: Pane god 
" gE bee 
$ = 
NOTES 
1, MASTER CLEAR ACTIVE ONLY OURING ICwT 
2 FREEZE/ IS ACTIVE DURING INTA/ AND POLL SEQUENCES ONLY 
a 2. TRUTH TABLE FOR O-LATCH 
c J a OPERATION 
1 ae oi FOLLOW 
° x Qn-1 HOLD 
Priority Cell — Simplified Logic Diagram 
LEVEL TRIGGERED MODE In-Service Register (ISR): 8-bit register which contains 


the priority levels that are being serviced. The ISR is 


This mode is programmed using bit 3 in ICW1. 
prog ey updated when an End of Interrupt command Is issued. 


If LTIM ='1', an interrupt request will be recognized by a 


‘high’ level on IR Input, and there is no need for an edge Interrupt Mask Register: 8-bit register which contains 
detection. The interrupt request must be removed the interrupt request lines which are masked. 

before the EOI command Is Issued or the CPU interrupt 

is enabled to prevent a second interrupt from occurring. The IRR. can be read when, prior to the RD pulse, a WA 


The above figure shows a concep:zal circuit to give the pulse is issued with OCW3 (ERIS = 1, RIS=0.) 


feader an understanding of the level sensitive and edge The ISR can be read in a similar mode when ERIS = 1, 
sensitive Input circuitry of the 8259A. Be sure to note RIS =1 In the OCW3. 


that th | s 

@ request latch Is a transparent D type latch There is no need to write an OCW3 before every status 
READI read operation, as long as the status read corresponds 

ING THE B259A:STATUS with the previous one; i.e., the 8259A “remembers” 
The Input status of several internal registers can be read whether the IRR or ISR has been previously selected by 
to update the user information on the system. The the OCW3. This is not true when poll is used. 
foll 
Cwing registers can be read by Issuing a suitable atte initialization the 8259A Is set to IRR. 


OCW3 and reading with RD. 

For reading the IMR, no OCW3 is needed. The output 
Interrupt Mask Register: 8-bit register whose content —= 
specifies the interrupt request lines being masked. data bus will contain the IMR whenever RD is active and 


acknowledged. The highest request level Is reset from AO=1. 
the IRR when an interrupt is acknowledged. (Not Polling overrides status read when P=1, ERIS=1 in 
affected by IMR.) ocw3. 
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Mnemonic 


Icw1 
cw 
Icw1 
Icw1 
Icw1 
Icw1 
Icw1 
Icw1 


Icw1 
Icw1 
Icw1 
(cw 


Icw1 
Icw1 


Icw1 
Icw1 
Icw2 
ICw3 
ICw3 
Icws 
Icws 
ICw4 
Icws 
Icws 
ICw4s 
Icw4 
icw4 
Icws 
Icws 
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Operation Description 
Format = 4, single, edge triggered 
Format = 4, single, level triggered. a 

Byte 1 Initialization Format= 4, not single, edge triggered 
Format = 4, not single, level triggered © 

No ICW4 Required Format = 8, single, edge triggered”, 
Format = 8, single, level triggered 
Format = 8, not single, edge triggered 
Format = 8, not single, level triggered 


Format = 4, single, edge triggered 
Format = 4, single, level triggered 
Format = 4, not single, edge triggered 


Format = 4, not single, level triggered 
ICW4 Required Form: 8, single, edge triggered 


Format = 8, single, level triggered 
Format = 8, not single, edge triggered 
Format = 8, not single, level triggered 


Byte 1 Initialization 


Byte 2 initialization 

Byte 3 initialization — master 

Byte 3 initialization — slave 

No action, redundant 

Non-buffered mode, no AEO!, MCS-86 
Non-buffered mode, AEOI, MCS-80/8., 
Non-buffered mode, AEO!, MCS-86 

No action, redundant 

Non-butfered mode, no AEO!, MCS-86 
Non-buffered mode, AEO!, MCS-80/85 
Non-bultered mode, AEO!, MCS-86 
Buttered mode, slave, no AEO!, MCS-80/85 
Butfered mode, slave, no AEO!, MCS-86 
Bulfered mode, slave, AEO!, MCS-80/85 
Bultered mode, slave, AEOI, MCS-86 
Buttered mode, master, no AEO!, MCS-80/85 
Buffered mode, master, no AEO!, MCS-86 
Buffered mode, master, AEO!, MCS-80/85 
Bulfered mode, master, AEO!, MCS-86 
Fully nested mode, MCS-80, non-bulfered, no AEO! 
ICW4 NB through ICW4 ND are identical to 


ICW4 B through ICW4 DO with the addition of 
Fully Nested Mode 


Fully Nested Mode, MCS-80/85, non-buffered, no AEO! 


ICW4 NF through ICW4 NP are identical to 
ICW4 F through ICW4 P with the addition of = - 
Fully Nested Mode 


Load mask register, read mask register 
Non-specific EO! 

Specific EOI. LO-L2 code of IS FF to be reset 
Rotate at EO! Automatically (Mode A) 

Rotate at EOI! (mode B). LO-L2 code of line 
Set Rotate A FF 

Clear Rotate A FF 

Rotate priority (mode B) independently of EO! 
Poll mode 

Read IS register 


8259A 


SUMMARY OF 8259A INSTRUCTION SET (Cont.) 


Inst. @ Mnemonic AO D7 D6 DS D4 D3 02 D1 DO 


62 OCw3 RR oo 0 0 0 1 0 1 
63 OCw3 SM ol 1 1 0 41 0 0 
64 OCw3 ASM o.oo 1 o 0 41 0 0 


Note: 1. In the master mode SP pin = 1, in slave mode SP=0 


Cascading 


The 8259A can be easily interconnected in a system of 
one master with up to eight slaves to handle up to 64 
priority levels. 


A typical MCS-80/85 system is shown in Figure 2. The 
master controls, through the 3 line cascade bus, which 
one of the slaves will release the corresponding 
address. 


As shown in Figure 2, the slave interrupt outputs are 
connected to the master interrupt request inputs. When 
a slave request line is activated and afterwards acknowl- 
edged, the master will enable the corresponding slave 
to release the device routine address during bytes 2 and 3 
of INTA. (Byte 2 only for MCS-86). The IRO input should 


Operation Description 


Read request register 
Set special mask mode 
Reset special mask mode 


not be connected to a slave 8259A unless IR1-IR7 also 
have slaves attached. 


The cascade bus lines are normally low and will contain 
the slave address code from the trailing edge of the first 
INTA pulse to the trailing edge of the third pulse. It is 
obvious that each 8259A in the system must follow a 
separate Initializatlon sequence and can be pro- 
grammed to work in a different mode. An EO! command 
must be issued twice: once for the master and once for 
the corresponding slave. An address decoder is required 
to activate the Chip Select (CS) input of each 8259A. 


The cascade lines of the Master 8259A are activated for 
any interrupt input, even if no slave is connected to that 
input. 


INT REQ 


8259A 
MASTER 


INTERRUPT REQUESTS 


Figure 2. Cascading the 8259A 
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PIN FUNCTIONS 
Name WO Pin# 
Voc 28 
GND 14 
WO 11-4 


Function 
+ 5V supply. 
Ground. 
Bidirectional data bus, used for: 
a) programming the mode of the 
8259A (programming is done by 
software); b) the microprocessor 
can read the status of the 8259A; 
c) the 8259A will send vectoring 
data to the microprocessor when 
an interrupt is acknowledged. 
Interrupt Requests: These are 
asynchronous inputs. A positive- 
going edge will generate an in- 
terrupt request. Thus a request 
can be generated by raising the 
line and holding it high until 
acknowledged, or by a negative 
pulse. In level triggered mode, no 
edge is required. These lines are 
active HIGH. 
Read (generally from 8228 in 
MCS-80 system or from 8086 in 
MCS-86 system). 
Write (generally from 8228 in 
MCS-80 sytem or from 8086 in 
MCS-86 system). 
Interrupt Acknowledge (generally 
from 8228 in MCS-80 system, 
8086 in MCS-86 system). The 8288 
generates three distinct INTA 
pulses when a CALL is Inserted, 
the 8086 produces two distinct 
INTA pulses during an interrupt 
cycle. 


Do-7 


IRo-7 | 18-25 


al 
o 


INTA I 26 


2) 


Chip Select: RD’and WR.are en- 


cs ! 1 
abled by Chip Select, whereas In- 
terrupt Acknowledge. is, inde- 
pendent of Chip Select.” > 
“4%, 
AO | 27 Usually the least significant-bft o' 


the microprocessor address out:, 
put. When AO=1 the Interrupt “, 
Mask Register can be loaded or 
read. When AOQ=0 the 8259A 
mode can be programmed or its 
status can be read. CS is active 
LOW. 


INT ie) 17. Goes directly to the micro- 
processor interrrupt input. This 
output will have high Voy to 
match the 8080 3.3V Vi. INT is 


active HIGH. 


co-Cc2 W/O 12 Three cascade lines, outputs in 
13 master mode and inputs in slave 
15 mode. The master issues the 
binary code of the acknowledged 
interrupt level on these lines. 
Each slave compares this code 
with its own. 


SPIEN VO 16  §SP/EN is a dual function pin. In 
the buffered mode SP/EN is used 
to enable bus transceivers (EN). In 
the non-buffered mode SP/EN 
determines if this 8259A is a mas- 
ter or a slave. If SP=1 the 8259A 
is master; SP = O indicates a slave. 


ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias ..... 
Storage Temperature ............ 
Voltage On Any Pin 

With Respect to Ground ........... -0.5V to +7V 
Power Dissipation .............0eceeeee eens 1 Watt 


D.C. CHARACTERISTICS 


"COMMENT 

Stresses above those listed under “Absolute Maximum Ratings” may 
Cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 


those indicated in the operational sections of this specification Is not 
implied. 


Ta=0°C to 70°C Voc =5V + 5% (8259A-8) Voc =5V + 10% (8259A) 


Symbol 


Voltage 


Test Conditions 


lon= — 400 pA 
lon= —100 pA 
lon= — 400 pA 
Vin= Voc to OV 
Vout = 0.45V 


8259A 


8259A A.C. CHARACTERISTICS 

Ta=0°C to 70°C Voc =5V+ 5% (8259A-8) Voc =5V + 10% (8259A) 

TIMING REQUIREMENTS 8259A-8 8259A 
Symbol | Parameter | Min. 
TAHRL | AO/CS Setup to ROMINTAY | 50_| 
TRHAX | AO/CS Hold after ROMNTAT | 5 
TRLRH | AO Pulsewidth | 420 
eo es 
TWHAX | AO/GS Hold after WAT | 20 | 
TWLWH | WA Pulse width 400 
TOVWH | DataSetuptowat | 300 
TWHOX | DataHoldafterwat | 40 | 
TJLJH__| Interrupt Request Width (Low) | 100 |_| 100 | 
TCVIAL Cascade Setup to Second or Third | ss | | ss | 

INTA$ (Slave Onl 

TRHAL_| End of RD to NextCommand | 160 |__| 160 | 
TWHAL | End of WA to Next Command | 190 |__| 


|_ns_| 
| ns _| 
|_ns_| 
| ns | See Note 1 
|_ns_| 
|_ns_| 


TIMING RESPONSES 8259A-8 8259A 


[Parameter Min. | Max. | 
[Data Valid trom RDINTAY || (300 | 


[| 200 _| 

Sa a 

P= lea ES 
(Master Only) 

[160 | 

| 325 | 


Test Conditions 


C of Data Bus 
Max. test C= 100 pF 
Min. test C= 15 pF 


Cit = 100 pF 
CenaB_e = 15pF 


TIALCV 


[ Enable Active from ROI or INTA: |_| 

Enable Inactive from ROtoriNTAt |_| 
[ Data valid trom Stable Address |__| 
Cascade Valid to Valid Data | _[_ 300 | 


CAPACITANCE 
Ta= 25°C; Veg = GND = 0V 

[input Gapactiance ||| | oF | 
wo capacitance | |_| 2 


Test Conditions 
fo=1 MHz 
Unmeasured pins returned to Vss 


Input and Output Waveforms for A.C. Tests 


2.4 
2.0 


> TEST POINTS <— 


0.8 
0.45 
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8259A re) 


WRITE MODE 


wR 


ADORESS BUS 
La) 


DATA BUS 


READ/INTA MODE 


ROMNTA 


=) 
ADDRESS BUS 
ro 


DATA BUS: 
OTHER TIMING 
ADARTA 
TRHAL ———-| 
Wr 
TWHAL——_—_____.. 
INTA SEQUENCE 


co.2 


rte st renee “MERIT tot eee wet eng wage of Rent mT 
@ wee coms ~ 
D Crus tm WCE 00 byeteme me Cate Bes 19 Mat ecw 


5-104 


intel 
8282/8283 
8-BIT INPUT/OUTPUT PORTS 


a Fully Parallel 8-Bit Data Register and a 3-State Outputs 
Buffer ‘ 


= Transparent during Active Strobe 
= Supports 8080, 8085, 8048, and 8086 


a 20-Pin Package with 0.3” Center 


Systems 
« High Output Drive Capability for = No Output Low Noise when Entering 
Driving System Data Bus or Leaving High Impedance State 


The 8282 and 8283 are 8-bit bipolar latches with 3-state output buffers. They can be used to implement latches, buffers, 
or multiplexers. The 8283 inverts the input data at its outputs while the 8282 does not. Thus, all of the principal periph- 
eral and input/output functions of a microcomputer system can be implemented with these devices. 


PIN CONFIGURATIONS LOGIC DIAGRAMS 


| 
I 
I 
| 
Il 
I 
! 
© 
Key 


iy 


\ 
J 


4 
IS 


Omwow 
Nd KZ vA vA 


PIN NAMES 


OUTPUT ENABLE 
STROBE 
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8282/8283 


PIN DEFINITIONS DOp-DO, DATA OUTPUT PINS {Oiitpit). When CS is 
(8282) true, the data in the data’ jatches-is pre- 


Pin Description DOo-DO; sented as inverted (8283)“oF' -noninvarted 

STB STROBE (Input). STB is an input control (8283) (8282) data onto the data output ‘pins, 
pulse used to strobe data at the data Input Gy, 4y 
pins (Ag-A7) into the data latches. This eG, @ 
signal is active HIGH to admit input data. ic 
The data is latched at the HIGH to LOW OPERATIONAL DESCRIPTION ays 


transition of STB. 


OE OUTPUT ENABLE (Input). OE is an Input 
control signal which when active LOW 
enables the contents of the data latches 
onto the data output pin (Bo-B7). OE being 


The 8282 and 8283 octal latches are 8-bit latches with 
3-state output buffers. Data having satisfied the setup 
time requirements is latched into the data latches by 
strobing the STB line HIGH to LOW. Holding the STB 
line In its active HIGH state makes the latches appear 

inactive HIGH forces the output buffers to transparent. Data is presented to the data output pins by 

their high Impedance state. activating the OE input line. When OE Is Inactive HIGH 
Dlp-Dlz DATA INPUT PINS (Input). Data presented the output buffers are in their high impedance state. 


at these pins satisfying setup time re- Enabling or disabling the output buffers will not cause 
quirements when STB Is_ strobed and negative-going transients to appear on the data output 
latched into the data input latches. bus. 


D.C. CHARACTERISTICS FOR 8282/8283 
Conditions: Voc = 5V + 5%, Ta =0°C to 70°C 


Ve Input Clamp Voltage ae ee eee Io = -SMA 
= a ee eee 
F=1MHz 
Ta=25°C 


Notes: 1. Output Loading Io, =32 mA, Io = — 5 MA, C, = 300 pF 

A.C. CHARACTERISTICS FOR 8282/8283 
Conditions: Voc =5V + 5%, Ta=0°C to 70°C 

Loading: Outputs — Io, = 32 mA, lon = —5 MA, Cy = 300 pF 


Input to Output Delay 
Inverting 
Non-Inverting 


STB to Output Delay 
Inverting 
Non-Inverting 


Notes: 1. See waveforms and test load circult on following page. 


8282/8283 


8282/8283 TIMING 


INPUTS 


sts 


OUTPUTS 


NOTE: 1.8283 ONLY — OUTPUT MAY BE MOMENTARILY INVALID FOLLOWING THE HIGH GOING STB TRANSITION. 
2. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED 


OUTPUT TEST LOAD CIRCUITS 


1.5V 1.5V 2.14V 


339 1802 $2.72 
our our out 


STATE TO VoL STATE TO Von SWITCHING 
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8286/8287 Oe 


8-BIT PARALLEL BIDIRECTIONAL BUS DRIVERS. 


a Data Bus Buffer Driver for MCS-86'™) ws 3-State Outputs 
MCS-80™, MCS-85™, and MCS-48™ 
a High Output Drive Capability for @ 20-Pin Package with 0.3" Center 
Driving System Data Bus : 
a No Output Low Noise when Entering 
s Fully Parallel 8-Bit Transceivers or Leaving High Impedance State 


The 8286 and 8287 are 8-bit bipolar transceivers with 3-state outputs. The 8287 inverts the input data at its outputs 
while the 8286 does not. Thus, a wide variety of applications for buffering in microcomputer systems can be met. 


PIN CONFIGURATIONS LOGIC DIAGRAMS 


PIN NAMES 


80-87 
[SE | OUTPUT ENABLE _| 
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8286/8287 


PIN DEFINITIONS Bo-B7 SYSTEM BUS DATA PINS - (Input/Output). 

Pin Description _(8286) These pins serve to either: present data to 
en ee re ree ee ee Bo-B7 or accept data from the ‘system bus>de- 
T TRANSMIT (Input). T Is an input control (8287) “WA 


signal used to control the direction of the 
transcelvers. When HIGH, it configures the 
transceiver's Bo-B7 as outputs with Ao-A7 
as inputs. T LOW configures Ag-A7 as the 


outputs with Bo-B7 serving as the inputs. OPERATIONAL DESCRIPTION 

OE OUTPUT ENABLE (Input). OE Is an input The 8286 and 8287 transceivers are 8-bit transcelvers 
control signal used to enable the appropri- with high impedance outputs. With T active HIGH and 
‘ate output driver (as selected by T) onto its GE active LOW, data at the Ao-A7 pins is driven onto the 
respective bus. This signal is active LOW. Bo-B7 pins. With T inactive LOW and OE active LOW, 


Ao-Az LOCAL BUS DATA PINS (Input/Output). data at the Bo-B, pins is driven onto the Ag-A7 pins. No 
These pins serve to either present data to output low glitching will occur whenever the trans- 
or accept data from the processor's local ceivers are entering or leaving the high impedance 
bus depending upon the state of the T pin. State. 


D.C. CHARACTERISTICS FOR 8286/8287 
Conditions: Veg = 5V +5%, Ta = 0°C to 70°C 


loc Power Supply Current—8287 
—8286 
Ip Forward Input Current | sf 02 | mi Ve=0.45V 
Ir Reverse Input Current a ee Va=5.25V 
Vor Output Low Voltage —B Outputs Vv lol = 32 mA 
—A Outputs Vv lop = 10 mA 
Vou Output High Voltage —B Outputs Vv lon=-5 MA 
—A Outputs Vv lon=-1 mA 
lorr Output Off Current IF ’ Vorr = 0.45V 
lorr Output Off Current IR Vorr = 5.25V 
Vir Input Low Voltage —A Side 0.8 Vv Voc = 5.0V, See Note 1 
—B Side 0.9 Vv Voc = 5.0V, See Note 1 
Vin Input High Voltage Ee eee ee Voc = 5.0V, See Note 1 
F=1MHz 
Cin Input Capacitance Veias = 2.5V, Voc = 5V 
Ta= 25°C 


Note: 1. B Outputs — Io, =32 MA, IoH =-5 MA, Ci = 300 pF A Outputs — Io, = 16 MA, Igy =-1 MA, C= 100 pF 


A.C. CHARACTERISTICS FOR 8286/8287 
Conditions: Vcc = 5V 5%, Ta = 0°C to 70°C 
Loading: B Outputs — Io, = 32 mA, Ioy = —5 MA, C, = 300 pF 
A Outputs — Io, = 16 MA, lon = —1MA, C, = 100 pF 
Inverting 


Non-Inverting ioe 


Transmit/Receive Hold Time TeHoz | ss | ons 


Test Conditions 
Input to Output Delay 
(See Note 1) 


Transmit/Receive Setup | 30 
Output Disable Time ae 
Output Enable Time | 10 


Note: 1. See waveforms and test load circuit on following page. 
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8286/8287 


(8286/8287 TIMING 


INPUTS 


OUTPUTS 


NOTE: 1. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED. 


TEST LOAD CIRCUITS 


1.5V 1.5V 214Vv 
339 66a 6279 
our out out 
T° pF T 100 pF T° pF 
SSTATE TO Vou setae TO Vor SWITCHING 
B OUTPUT A OUTPUT B OUTPUT 
1.5V 1.6V 228V 
1802 9009 1142 
our our our 
T 300 pF T 100 pF ii pF 
2STATE TO Von STATE TO Von SWITCHING 
B OUTPUT A OUTPUT A OUTPUT 
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8041/8741 "antag 


“4, “bpp 
UNIVERSAL PERIPHERAL INTERFACE Upon, “8 pn 
8-BIT MICROCOMPUTER “atin 6 Je 
« Fully Compatibnie with MCS-80™, a Pin Compatible ROM and EPROM 


MCS-85™ and MCS-48™ Microproces- Versions 
sor Families ; 
=u 1K x8 ROM/EPROM, 64 x 8 RAM, 18 


a Single Level Interrupt Programmable I/O Pins 


u 8-Bit CPU plus ROM, RAM, I/O, Timer 
and Clock in a Single Package u Asynchronous Data Register for 


u Single 5V Supply Interface to Master Processor 


a Alternative to Custom LSI a Expandable I/O 


The Intel® 8041/8741 is a general purpose, programmable interface device designed for use with a variety of 8-bit 
microprocessor systems. It contains a low cost microcomputer with program memory, data memory, 8-bit CPU, I/O ports, 
timer/counter, and clock in asingle 40-pin package. Interface registers are included to enable the UPI device to function as 
a peripheral controller in MCS-80™, MCS-85™, MCS-48™, and other 8-bit systems. 

The UPI-41™ has 1K words of program memory and 64 words of data memory on-chip. To allow full user flexibility the 
program memory is available as ROM in the 8041 version or as UV-erasable EPROM in the 8741 version. The 8741 andthe 
8041 are fully pin compatible for easy transition from prototype to production level designs. 

The device has two 8-bit, TTL compatible I/O ports and two test inputs. Individual port lines can function as either inputs or 
outputs under software control. I/O can be expanded with the 8243 device which is directly compatible and has 161/O lines. 
An 8-bit programmable timer/counter is included in the UPI device for generating timing sequences or counting external 
inputs, Additional UPI features include: single 5V supply, low power standby mode (in the 8041), single-step mode for 
debug(in the 8741), single level interrupt, and dual working register banks. 

Because it's a complete microcomputer, the UPI provides more flexibility for the designer than conventional LSI interface 
devices. It is designed to be an efficient controller as well as an arithmetic processor. Applications include keyboard 
scanning, printer control, display multiplexing and similar functions which involve interfacing peripheral devices to 
microprocessor systems. 


PIN CONFIGURATION BLOCK DIAGRAM 


UTERMAL 
ous 


MASTIR 
systim 
wetenvact | oy. 


PURUPrE RAL 
INTERFACE 


V9 —————~" PRow PROGRAM SUPPLY 
pomtn | Vg¢ ———> -surrLy 


‘q_ ——— ano 
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8202 
DYNAMIC RAM CONTROLLER 


u Provides All Signals Necessary to 
Control 2104A, 2116, or 2117 Dynamic 
Memories 

Directly Addresses and Drives Up to 64K 
Bytes Without External Drivers 

gw Provides Address Multiplexing 
and Strobes 

w Provides a Refresh Timer and a 
Refresh Counter 

uw Refresh Cycles May be Internally or 
Externally Requested 


: “My 
Provides High Speed Refresh/Memory % 
Access Request Arbitration 
Provides Transparent Refresh Capability 
Fully Compatible with Intel® 8080A and 
8085A Microprocessors 
Decodes 8085A Status for Advanced 
Read Capability 
Provides System Acknowledge and 
Transfer Acknowledge Signals 
Internal or External Clock Capability 


The 8202 is a Dynamic RAM System Controller designed to provide all signals necessary to use 2104A, 2116, or 2117 
Dynamic RAMs in microcomputer systems. The 8202 provides multiplexed addresses and address strobes, as well as 
refresh/access arbitration. Refresh cycles can be started internally or externally. 


PIN CONFIGURATION 


AL,/OP, 


BeR esses sd 


1 
2 
3 
4 
5 
6 
7 
8 
9 


REFRO/ALE 


Xq/OP, 
xX /CLK 


TNK 


REFRESH 
TIMER 


8202 BLOCK DIAGRAM. 


MULTIPLEXER =. OUTos 


REFRESH 
COUNTER 


TIMING 
AND 
CONTROL 


ARBITER 


OSCILLATOR 
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PROGRAMMABLE COMMUNICATION INTERFACE 


a Synchronous and Asynchronous ’ a Error Detection — Parity, Overrun and; 
Operation Framing 


a Synchronous 5-8 Bit Characters; 


Internal or External Character Synchro- = Fully Compatible with 8080/8085 CPU 
nization; Automatic Sync Insertion . 


a Asynchronous 5-8 Bit Characters; = 28-Pin DIP Package 
Clock Rate—1, 16 or 64 Times Baud 
Rate; Break Character Generation; 1, ‘ . 
1%, or 2 Stop Bits; False Start Bit a All Inputs and Outputs are TTL 


Detection; Automatic Break Detect : Compatible 

and Handling; 19.2K Baud. : 
= Baud Rate — DC to 64K Baud a Single +5V Supply 
a Full Duplex, Double Buffered, Trans- 

mitter and Receiver a Single TTL Clock 


The Intel® 8251A is the enhanced version of the industry standard, Intel® 8251 Universal Synchronous/Asynchronous 
Receiver/Transmitter (USART), designed for data communications with Intel's new high performance family of 
microprocessors such as the 8085. The 8251A is used as a peripheral device and is programmed by the CPU to operate 
using virtually any serial data transmission technique presently in use (including IBM “bi-sync"). The USART accepts 
data characters from the CPU in parallel format and then converts them into a continuous serial data stream for 
transmission. Simultaneously, it can receive serial data streams and convert them into parallel data characters for the 
CPU. The USART will signal the CPU whenever it can accept a new character for transmission or whenever it has 
received a character for the CPU. The CPU can read the complete status of the USART at any time. These include data 
transmission errors and control signals such as SYNDET, TxEMPTY. The chip is constructed using N-channel silicon 
gate technology. 


PIN CONFIGURATION BLOCK DIAGRAM 
o,f 28}J 0, 
0,2 2717) bg 

n.0 C3 26) Yee 


TRANSMIT 
BUFFER 
(PS) 


wr C10 TO 

cs TaEMPTY 

co C12 cts 

ao C13 16 [7] SYNDET/BO 
Rarpy (14 15[7) TaRDy 


TRANSMIT 
CONTROL 


PIN NAMES 
RECEIVE 
QUFFER 
Ss PP 


osrR Data Set Ready 
OTA Data Termuna! Ready 


Data Bus (8 bits) 
Control of Data 1s to be Weitten or Read 
Read Data Conimand 

Write Data of Controt Command 

Chip Enable 

Clock Pulse (TTL) 


SYNOET/BO | Sync Detecy 
Break Detect 


ars Request to Send Data 


Reset cis Clear to Send Data Laaay 
Transmitter Clock TaE Tranumutter Empty 5 
Transmitter Data Vee #5 Volt Supply INTERNAL Ase 
Recerwer Clock GND Ground DATA BUS aa SYNOET 


Receiwer Data 
Receiver Ready (has character tor BOBO) | 
Transmitter Ready (ready lor char from 8080! 
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a 3 Independent 16-Bit Counters 


= DC to 2 MHz 


au Programmable Counter Modes 


8253/8253-5 
PROGRAMMABLE INTERVAL TIMER 


=a MCS—85™ Compatible 8253-5 


= Count Binary or BCD 


a Single +5V Supply 


m 24-Pin Dual In-Line Package 


The Intel® 8253 is a programmable counter/timer chip designed for use as an Intel microcomputer peripheral. It uses 
nMOS technology with a single +5V supply and Is packaged in a 24-pin plastic DIP. 


It is organized as 3 independent 16-bit counters, each with a count rate of up to 2 MHz. All modes of operation are soft- 


ware programmable. 


PIN CONFIGURATION 


PIN NAMES 


GNO GROUND 


BLOCK DIAGRAM 


cLKO 
COUNTER 


| =0 
COUNTER 


0,0, GATEO 


ouTo 


CLK 


GATE! 


OUT! 


cs 


CLK2 
CONTROL 
WORD 


GATE2 
REGISTER 


OUT2 


INTERNAL BUS 
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8255A/8255A-5 


PROGRAMMABLE PERIPHERAL INTERFACE 


a MCS-85™ Compatible 8255A-5 a Direct Bit Set/Reset Capability Easing 
» 24 Programmable I/O Pins Control Application Interface 
a Completely TTL Compatible = 40-Pin Dual In-Line Package 


a Fully Compatible with Intel® Micro- 
processor Families 


a Improved Timing Characteristics a Improved DC Driving Capability 


mu Reduces System Package Count 


The Intel® 8255A is a general purpose programmable I/O device designed for use with Intel® microprocessors. It has 
24/0 pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of operation. In the first 
mode (MODE 0), each group of 12 I/O pins may be programmed In sets of 4 to be Input or output. In MODE 1, the second 
mode, each group may be programmed to have 8 lines of input or output. Of the remaining 4 pins, 3 are used for hand- 
shaking and interrupt control signals. The third mode of operation (MODE 2) is a bidirectional bus mode which uses 8 
lines for a bidirectional bus, and 5 lines, borrowing one from the other group, for handshaking. 


PIN CONFIGURATION 8255A BLOCK DIAGRAM 


Br OIALC TIONAL DOTA BUS 
0.0, 


CHIP SELECT 

[READ INPUT _ 
WAITE INPUT a a 
PORT AODRESS 


PORT A (BIT) 
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8271 


= IBM 3740 Soft Sectored Format Com- 


3 a Internal CRC Generation and Checking 
patible 


au Programmable Step Rate, Settle-Time, 
Head Load Time, Head Unload Ihdex 
Count 


a Programmable Record Lengths 
a Multi-Sector Capability 


= Maintain Dual Drives with Minimum 
Software Overhead Expandable to 4 
Drives 


a Fully MCS-80 and MCS-85 Compatible 


a Single +5V Supply 
w= Automatic Read/Write Head Position- 


ing and Verification a 40-Pin Package 


The Intel® 8271 Programmable Floppy Disk Contraller (FDC) is an LS! component designed to interface one to 4 floppy 
disk drives to an 8-bit microcomputer system. Its powerful control functions minimize both hardware and software 
overhead normally associated with floppy disk controllers. 


PIN CONFIGURATION 


FAULT RESET/OPO Vee 
SELECT O LOW CURRENT 
4. MHz CLK LOAD HEAD REGISTERS 


RESET 
READY? 
SELECT) 
DACK 
ORO 


DIRECTION 
SEEK/STEP 
WR ENBLE 
INDEX 

WR PROTECT 
READYO 
TRKO 
COUNT /UPI 
WR DATA 
FAULT 
UNSEP DATA 


COMMAND REG. 
PARAMETER REG 


BLOCK DIAGRAM 


WR OATA 


INSYNC 
SERIAL 
INTERFACE 
CONTROLLER 

AD DATA 
OATA WINDOW 


ora 
0383 DATA WINDOW OACK PLOISS. 
DBs PLOVSS ANT 
DBS cs 
oe6 (f INSYNC =x AEAOYO 
AD READY 
be7 AY wa nay TRACK O 
Gno (] 2119 Ay BUFFER Count iors 
A WA PROTECT 
i FAULT 
Ly DRIVE 
INTERFACE 
CONTROLLER 
PIN NAMES RESET SELECTO 
SELECT 1 
e709 «df cAtAmswomtcronai) Tou | nowscainar — | WR ENABLE 
cu | cuoce mur errr | ' se output LOAD HEAD 
jaccerne WatranAtED DATA cs BUFFER SEEK/STEP 
oe on OIRECTION 


ROM CURRENT | Low CURAENT 


© Intel Corporation, 1978 


LOW CURRENT 
FAULT RESET/OPO 


INTCRNAL 
DATA BUS 


CPU INTERFACE DISK INTERFACE 


April, 1978 
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PROGRAMMABLE HDLC/SDLC PROTOCOL “:“ 
CONTROLLER 


a HDLC/SDLC Compatible a Programmable NRZI Encode/Decode 

a Frame Level Commands a N-Bit Reception Capability 

a Full Duplex, Half Duplex, or Loop a Digital Phase Locked Loop Clock 
SDLC Operation Recovery 

a Up to 64K Baud Transfers a Minimum CPU Overhead 

= Two User Programmable Modem = Fully Compatible with 8080/8085 CPUs 


Control Ports 


a Automatic FCS (CRC) Generation and 
Checking w 40-Pin Package 


a Single +5V Supply 


The Intel® 8273 Programmable HDLC/SDLC Protocol Controller is a dedicated device designed to support the ISO/C- 
CITT's HOLC and IBM’s SDLC communication line protocols. It is fully compatible with Intel’s new high performance 
microcomputer systems such as the MCS-85™. A frame level command set is achieved by a unique microprogrammed 
dual processor chip architecture. The processing capability supported by the 8273 relieves the system CPU of the low 
level real-time tasks normally associated with controllers. 


PIN CONFIGURATION BLOCK DIAGRAM 


REGISTERS 


restaoor [saree KV) 


FLAG DET 
Tx INT 
CLK 
RESET 
TxDACK 
TxDRO 
FRDACK 
RxORO 


DATA 
08,» 


Bus 
BUFFER 


TxORQ 
TADACK 

RxDRO 
ARDACK 


CONTROL 
Logic 


PIN NAMES 


CHIP SELECT 
FLAG DETECT UA 
TRANSMITTER INTERRUPT FLAG OET 
c 

Lock INEUT: INTERNAL DATA BUS ——*] 
TRANSMITTER DMA ACKNOWLEOGE 
TRANSMITTER DMA REQUEST 
READ INPUT ¢c 
WRITE INPUT GP INPUT PORTS 
RECEIVER DMA ACKNOWLEOGE PE\-FB, | GP OUTPUT PORTS 
RECEIVER OMA REQUEST REQUEST TO SEND 
RECEIVER INTERRUPT +5 VOLT SUPPLY 
COMMAND REGISTER SELECT ADDRESS 
DIGITAL PHASE LOCKED LOOP 


CPU INTERFACE MODEM INTERFACE 


© Intel Corporation, 1978 February, 1978 
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8275 
PROGRAMMABLE CRT CONTROLLER 


= Programmable Screen and Character = Fully MCS-80™ and MCS-85"™ 
Format . Compatible 


a 6 Independent Visual Field Attributes 
a 11 Visual Character Attributes 


a Dual Row Buffers 


(Graphic Capability) a Programmable DMA Burst Mode 
= Cursor Control (4 Types) = Single +5V Supply . 
a Light Pen Detection and Registers a 40-Pin Package 


The Intel® 8275 Programmable CRT Controller is a single chip device to interface CRT raster scan displays with 
Intel® microcomputer systems. Its primary function is to refresh the display by buffering the information from main 
memory and keeping track of the display position of the screen. The flexibility designed into the 8275 will allow simple 
interface to almost any raster scan CRT display with a minimum of external hardware and software overhead. 


PIN CONFIGURATION BLOCK DIAGRAM 


cCLK 


CHARACTER 
COUNTER 


Lo i mi FER 
INPUT ouTPUT 

bares corner 
rT 


089.7 (—) BUS = CCo_6 


LCo-3 
Row 
COUNTER 


RASTER TIMING 


HLGT 
RV 
PIN NAMES VIDEO CONTROL tren 
S GPAg-1 
{ 080-1 | a1- DIRECTIONAL DATA BUS | LCo_3_ 


LINE COUNTER OUTPUTS 


LIGHT PEN 
REGISTERS 
} READ STROBE INPUT _ 


®R [waite strcoe rut ij [REvense viocoouTPUT 
‘er I ALGISTER ADORESS INPUT |! LEN [nevis (wADLE OUTPUT 

&; 

ceux 


| Chup SELECT InpUT Tver [vito sueracss ourrut 
i | CHARACTER CLOCK neu 48 GrAg_1 | GENERAL PURPOSE ATTAI 


[ cco-0 | | eNARACTER coor outputs |] Uren LIGHT PEW INPUT 


intel ee 


8278 ‘hen ey 
PROGRAMMABLE KEYBOARD INTERFACE“. 2 


5 Sivilianeears Keyboard and Display a N-Key Rollover with Programmable ” "ng Sy, 
Operations Error Mode on Multiple New Closures 


a Interface Signals for Contract and a 16- or 18-Character 7-Segment Display 
Capacitive Coupled Keyboards Interface 


w 126-Key Scanning Logic = Right or Left Entry Display RAM 
a 10.7 msec Matrix Scan Time for 128 
Keys and 6 MHz Clock a Depress/Release Mode Programmable 


a 8-Character Keyboard FIFO a Interrupt Output on Key Entry 


The Intel® 8278 is a general purpose, programmable. keyboard and display interface device designed for use with 8-bit 
microprocessors such the MDS- 80™ and MCS-85"™. The keyboard portion can provide a scanned interface to 
128-key contact or capacitive-coupled keyboards. The keys are fully debounced with N-key rollover and 
programmable error generation on multiple new key closures. Keyboard entries are stored in an 
8-character FIFO with overrun status indication when more than 8 characters are entered. Key entries set 
an interrupt request output to the master CPU. 


The display portion of the 8278 provides a scanned display interface for LED, incandescent, and other 
popular display technologies. Both numeric displays and simple indicators may be used. The 8278 has a 
16X4 display RAM which can be loaded or interrogated by the CPU. Both right entry calculator and left en- 
try typewriter display formats are possible. Both read and write of the display RAM can be done with auto- 
increment of the display RAM address. 


PIN CONFIGURATION PIN NAMES BLOCK DIAGRAM 


DATA BUS 
READ, WRITE STROBES 


FREQ REFERENCE INPUT 
HIGH FREQUENCY OUTPUT 
CLOCK 

KEYBOARD RETURN LINE 


TONE ENABLE 


{400 KHa) 


TONE ENABLE 
ERROR OUTPUT 
CLE4R INPUT 


1 0IGIT 
pisray KZ DISPLAY 
BUFFER 


oIGITS 
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intel’ 


Operations 


8279/8279-5 
PROGRAMMABLE KEYBOARDIDISPLAY INTERFACE 


= MCS-85™ Compatible 8279-5 
a Simultaneous Keyboard Display 


= Scanned Keyboard Mode 


a Scanned Sensor Mode 

a Strobed Input Entry Mode 

a 8-Character Keyboard FIFO 

u 2-Key Lockout or N-Key Rollover with 


Contact Debounce 


= Dual 8- or 16-Numerical Display 
= Single 16-Character Display 


a Right or Left Entry 16-Byte Display 
RAM 


= Mode Programmable from CPU 
a Programmable Scan Timing 


= Interrupt Output on Key Entry 


The Intel® 8279 is a general purpose programmable keyboard and display I/O interface device designed for use with 
Intel® microprocessors. The keyboard portion can provide a scanned interface to a 64-contact key matrix. The 
keyboard portion will also interface to an array of sensors or a strobed interface keyboard, such as the hall effect and 
ferrite variety. Key depressions can be 2-key lockout or N-key rollover. Keyboard entries are debounced and strobed in 
an 8-character FIFO. If more than 8 characters are entered, overrun status is set. Key entries set the interrupt output 


line to the CPU. 


The display portion provides a scanned display interface for LED, Incandescent, and other popular display 
technologies. Both numeric and alphanumeric segment displays may be used as well as simple indicators. The 8279 
has 16X8 display RAM which can be organized into dual 16X4. The RAM can be loaded or interrogated by the CPU. Both 


right entry, calculator and left entry typewriter display formats are possible. Both read and write of the display RAM 
can be done with auto-increment of the display RAM address. 


PIN CONFIGURATION 


PIN NAMES 


"READ INPUT 
WRITE INPUT 
BUFFCRAOORESS 
OT INTERAUPT REQUEST OUTPUT 
TScawumes a 


catuste [1 | ROLISTROBE INPUT 
OUT Aoy fo DISPLAY (ANOUTPUTS 
OUT 6s; | © | DIDLAY B)OUTPUTS 

& 


[0 Tetanx oisstay ourrur 
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LOGIC SYMBOL 


KEY DATA 


CNTL/STB | =——. 


cpu 
INTERFACE 


DISPLAY 
DATA 


intel 


8291 
GPIB TALKER/LISTENER 
u Designed to Interface Microprocessors gw 1-5 MHz Clock Range 
(e.g., 8080, 8085, 8086, 8048) to an w 16 Registers (8 Read, 8 Write), 2 for 
IEEE Standard 488 Digital Interface Data Transfer, the est for Interface 
Bus Function Control, Status, etc. 
= Programmable Data Transfer Rate @ Directly Interfaces to External Non- 
a Complete Source and Acceptor Inverting Transceivers for Connection 
Handshake to the GPIB 
= Complete Talker and Listener mw Provides Three Addressing Modes, 
Functions with Extended Addressing Allowing the Chip to be Addressed 


Either as a Major Or a Minor Talker/ 
Listener with Primmaary or Secondary 
Addressing 

= DMA Handshake Frovision Allows for 
Bus Transfers with out CPU Intervention 


g@ Trigger Output Pim 


a On-Chip EOS (End of Sequence) 
Message Recognition Facilitates 
Handling of Multi- B yte Transfers 


@ Service Request, Parallel Poll, Device 
Clear, Device Trigger, Remote/Local 
Functions 


@ Selectable Interrupts 


u On-Chip Primary and Secondary 
Address Recognition 


a Automatic Handling of Addressing and 
Handshake Protocol 


# Provision for Software Implementation 
of Additional Features 


The 8291 GPIB Talker/Listener is a microprocessor-controlled chip designed to interface mntcroprocessors (e.g., 8080, 
8085, 8086, 8048) to an IEEE Standard 488 Instrumentation Interface Bus. It implements all of the Standard’s 
Talker/Listener interface functions. 


PIN CONFIGURATION BLOCK DIAGRAM 


INTERFACE 
FUNCTIONS 


SH 
AH 
T 


8 READ 
REGISTERS 


TO NON- INVERTING 


t BUS TRANSCEIVERS 


SR 
RU 


oc 
oT 


8 WRITE 
REGISTERS 


MICROPROCESSOR DATA BUS 


MESSAGE 
DECODER 


intel 


GPIB CONTROLLER 


FEATURES: 


@ Complete IEEE Standard 488 Controller 
Function. 


@ Interface Clear (IFC) Sending Capability 
Allows for Seizure of Control and/or 
Initialization of the Bus. 


w Responds to Service Requests (SRQ). 


@ Sends (REN), Allowing Instruments to 
Switch to Remote Control. 


8292 


@ Complete Implementation of Transfer 
Control Protocol. 


@ Synchronous Control Seizure Prevents 
the Destruction of any Data 
Transmission in Progress. 


@ Connects with the 8291 to Form a 
Complete IEEE Standard 488 Interface 
Talker/Listener/Controller. 


The 8292 GPIB CONTROLLER is a microprocessor-controlled chip designed to connect with the 8291 
GPIB TALKER/LISTENER to implement the full IEEE Standard 488 controller function, including 


transfer control protocol. 


PIN CONFIGURATION 


8291, 8292 SYSTEM DIAGRAM 


MICROPROCESSOR SYSTEM BUS 


1 8257 


rT OMA 
CONTROLLER 1 
1 (OPTIONAL) 


INTERFACE 
STEERING 
Locic 


GENERAL PURPOSE INTERFACE BUS 
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8294 “i ly 
DATA ENCRYPTION UNIT “ln My 


, ie 
a Certified by National Bureau of a 7-Bit User Output Port oy, & 
Standards % Sm, 


a Single 5V + 10% Power Supply 


# 80-Byte/Sec Data Conversion Rate 
é a Peripheral to MCS-85™™, MCS-80T™™ 
a 64-Bit Data Encryption Using 56-Bit and MCS-48™ Processors 
Key : 


a Implements Federal Information 


DMA 
. Interface Processing Data Encryption Standard 


a 3 Interrupt Outputs to Aid in Loading 
and Unloading Data a Encrypt and Decrypt Modes Available 


DESCRIPTION 


The Intel® 8294 Data Encryption Unit (DEU) is a microprocessor peripheral device designed to encrypt and decrypt 
64-bit blocks of data using the algorithm specified in the Federal Information Processing Data Encryption Standard. 
The DEU operates on 64-bit text words using a 56-bit user-specified key to produce 64-bit cipher words. The operation 
Is reversible: if the cipher word is operated upon, the original text word is produced. The algorithm itself is perma- 
nently contained in the 8294; however, the 56-bit key is user-defined and may be changed at any time. 

The 56-bit key and 64-bit message data are transferred to and from the 8294 in 8-bit bytes by way of the system data 
bus. A DMA interface and three interrupt outputs are available to minimize software overhead associated with data 
transfer. Also, by using the DMA interface two or more DEUs may be operated in parallel to achleve effective system 
conversion rates which are virtually any multiple of 120 bytes/second. The 8294 also has a 7-bit TTL compatible output 
port for user-specified functions. 

Because the 8294 implements the NBS encryption algorithm It can be used in a variety of Electronic Funds Transfer 
applications as well as other electronic banking and data handling applications where data must be encrypted. 


PIN 
CONFIGURATION PIN NAMES BLOCK DIAGRAM 


CHIP SELECT 
CONTROL/DATA SELECT 

RESET INPUT 

FREQUENCY REFERENCE INPUT 
HIGH FREQUENCY OUTPUT 

DMA REQUEST, OMA ACKNOWLEDGE 
INTERRUPT REQUEST OUTPUTS 
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8295 
DOT MATRIX PRINTER CONTROLLER 


a Interfaces Dot Matrix Printers to a Programmable Print Intensity 
MCS-48™, MCS-80™, MCS-85™ 


systems = Single or Double Width Printing 


a 40 Character Buffer On Chip 


a Serial or Parallel Communication with a Programmable Multiple Line Feeds 
Host 

a DMA Transfer Capability a 3 Tabulations 

a Programmable Character Density (10 or 
12 Chararcters/Inch) = 2 General Purpose Outputs 


4 


The Intel® 8295 Dot Matrix Printer Controller provides an interface for microprocessors to the LRC 7040 Series dot 
matrix Impact printers. It may also be used as an interface to other similar printers. 


The chip may be used in a serial or parallel communication mode with the host processor. Furthermore, it provides 


Internal buffering of up to 40 characters and contains a 7x7 matrix character generator accommodating 64 ASCII 
characters. 


PIN 
CONFIGURATION PIN NAMES BLOCK DIAGRAM 


OATA BUS 
READ, WRITE STROBES 


FREQUENCY REFERENCE INPUTS, 
HIGH FREQUENCY OUTPUT 
MAIN, PAPER FEED MOTOR ORIVES 


INTERRUPT REQUEST, SERIAL GROUND 
SOLENOID DRIVE OUTPUT! 

PAPER FEED INPUT 

HOME, TOP-OF-FORM INPUTS 
SOLENOID STROBE OUTPUT 

GENERAL PURPOSE OUTPUTS 

+ SV POWER, GND 


MCS-85 


Syston = Su bai ort 


Periph verals 
Static RAMs 


Yar 
ROW Vis/E -P 2RO wis 
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2114 
1024 X 4 BIT STATIC RAM 


Max. Access Time (ns) 


Max. Power Dissipation (mw 


'™@ High Density 18 Pin Package = Directly TTL Compatible: All Inputs 


& Identical Cycle and Access Times and Outputs 
® Single +5V Supply = Common Data Input and Output Using 


Three-State Outputs 
® No Clock or Timing Strobe Required 2 P . 
@ Pin-Out Compatible with 3605 and 3625 


= Completely Static Memory Bipolar PROMs 


The Intel® 2114 is a 4096-bit static Random Access Memory organized as 1024 words by 4-bits using N-channel Silicon-Gate 
MOS technology. It uses fully OC stable (static) circuitry throughout — in both the array and the decoding — and therefore 
requires no clocks or refreshing to operate. Data access is particularly simple since address setup times are not required. The 
data is read out nondestructively and has the same polarity as the input data. Common input/output pins are provided. 


The 2114 is designed for memory applications where high performance, low cost, large bit storage, and simple interfacing are 
important design objectives. The 2114 is placed in an 18-pin package for the highest possible density. 

Itis directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. A separate Chip Select (CS) lead allows 
easy selection of an individual package when outputs are or-tied. 


The 2114 is fabricated with Intel's N-channel Silicon-Gate technology — a technology providing excellent protection against 
contamination permitting the use of low cost plastic packaging. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


ROW MEMORY ARRAY 
SELECT SA: ROWS 
64 COLUMNS 


COLUMN I/O CIRCUITS 


COLUMN SELECT 


PIN NAMES 


Ay-Ag | ADDRESS INPUTS we O = PIN NUMBERS 
WE WRITE ENABLE 


cs CHIP SELECT 


0,-1/0, DATA INPUT/OUTPUT 
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2114 FAMILY 


ABSOLUTE MAXIMUM RATINGS* “COMMENT: Stresses above those listed under “Absolute 


‘ i Ratings” se permanent damage to the 
Temperature Under Bias ............ -10°C to 80°C Maximum Ratios” may cause: nerioa ve 


Storage Temperature ....2-.--e eee ~65°C to +150°C device. This is a Stress rating only and functional opera- 

Pin tion of the device at these or any other conditions above 
bits sine to Ground -0.5V to +7V those indicated in the operational sections of this specifi- 
Power Ole cto Sis HRSA RERS SEmOes 1.0W cation & noe implied. Exposure ae absolute maximum 
D.C. Output Current. 6.0... ee eee eee e eee 5mA rating conditions for extended periods may affect device 


reliability. 


D.C. AND OPERATING CHARACTERISTICS 
Ta = 0°C to 70°C, Vec = 5V + 5%, unless otherwise noted. 


2114-2, 2114-3, 2114 
Min. Typ.(1l Max. 


2114L2, 2114L3, 2114L 


Min. Typ.(1] Max. CONDITIONS 


Input Load Current 
(All Input Pins) 


Vin = 0 to 5.25V 


CS = 2.4v, 
Vilo = 0.4V to Vcc 


Vin = 5.25V, Io =O mA, 
Ta = 25°C 


Vin = 5.25V, lio =O mA, 
Ta = o°c 


Output Short Circuit 
Current 


NOTE: 1. Typical values are for Ta = 25°Cand Voc = 5.0V. 
2. Duration not to exceed 30 seconds. 


CAPACITANCE 
Ta = 25°C, f = 1.0 MHz 


SYMBOL TEST 


Input/Output Capacitance 


Input Capacitance 


NOTE: This parameter is periodically sampled and not 100% tested. 


A.C. CONDITIONS OF TEST 


Wnput Pulse 280018 ccigas 5 cas FORE KAS REA RHS 4 DE ERED ORE 0.8 Volt to 2.4 Volt 
Input Rise and Fall Times............. 3 Pasa Sie rape) beeen aca ce aya, 6) Soak eee 10 nsec 
Input and Output Timing Levels... 2.2... eee eee ce ee eee eee eens 1.5 Volts 
Output Load ......... duieidiia ie dekh e <Ecdaiaetienovevede No laue a5 totes 1 TTL Gate and C, = 100 pF 
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2114 FAMILY 


READ CYCLE 11 


PARAMETER 


Read Cycle Time 


A.C. CHARACTERISTICS TT, =0°C to 70°C, Vcc = 5V + 5%, unless otherwise noted. 


2114-2, 2114L2 | 2114-3, 2114L3| 2114, 2114L 
Min. Max. | Min. Max. Min. Max. 
Chip Selection to Output Valid 70 


SYMBOL 


Output 3-state from Deselection 
Output Hold from Address Change 


WRITE CYCLE [2] 


PARAMETER Min. Max. | Min. Max. | Min. Max. 
TwiteGyeeTime ——SC~‘“~‘idt OOSCSC*dC 
a 
[Wit RekeeTiw SCT OC OC 
a 

ae 
Lee 


SYMBOL 


Data to Write Time Overlap 
Data Hold From Write Time 
NOTES: 


1. A Read occurs during the overlap of a low CS anda high WE, 
2 AWrite occurs during the overlap of a low CS and a low WE. 


WAVEFORMS 
READ CYCLE® WRITE CYCLE 


ADORESS: 


Oour 


ABBE 
NOTES: Pour 93H) 


® WE is high for a Read Cycle. 
® It the CS tow transition occurs simultaneously with the WE low 
transition, the output buffers remain in a high impedance state. Ow 


(6) WE must be high during all address transitions. 


AV AW AV AVA AV AVAY 
BAABAALAALL 
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2114 FAMILY 


TYPICAL D.C. AND A.C. CHARACTERISTICS 


NORMALIZED ACCESS TIME VS. NORMALIZED ACCESS TIME VS. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE 


s s 
a f=} 
SN 8 
S 5 
< < 
- = 
4 c 
3 3 
NORMALIZED ACCESS TIME VS. NORMALIZED POWER SUPPLY CURRENT 
OUTPUT LOAD CAPACITANCE VS. AMBIENT TEMPERATURE 
s 8 
g g 
2 a 
Fs FS 
4 « 
rs 3 
OUTPUT SOURCE CURRENT OUTPUT SINK CURRENT 
VS. OUTPUT VOLTAGE VS. OUTPUT VOLTAGE 
“0 
30 
Z a 
2 2 
10 
° 
0 1 2 3 4 


Vou {v) 
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In 


M2114 
1024 x 4 BIT STATIC RAM 


Max. Access Time (ns) 


Max. Power Dissipation (mw 


8 High Density 18 Pin Package @ Directly TTL Compatible: All Inputs 
& Identical Cycle and Access Times and Outputs 
& Single +5V Supply a Common Data Input and Output Using 
-Stat 
@ No Clock or Timing Strobe Required - ni eas ‘3 saree R 
ary Temperature Range 
= Completely Static Memory -55°C to +125°C 


The Intel® M2114 is a 4096-bit static Random Access Memory organized as 1024 words by 4-bits using N-channel Silicon- 
Gate MOS technology. It uses fully DC stable (static) circuitry throughout — in both the array and the decoding — and 
therefore requires no clocks or refreshing to operate. Data access is particularly simple since address setup times are not 
required. The data is read out nondestructively and has the same polarity as the input data. Common input/output pins are 
Provided. 


The M2114 is designed for memory applications where high performance, low cost, large bit storage, and simple 
interfacing are important design objectives. The M2114 is placed in an 18-pin package for the highest possible density. 
It is directly TTL compatible in all respects: inputs, outpufs, and a single +5V supply. A separate Chip Select (CS) lead 
allows easy selection of an individual package when outputs are OR-tied. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


MEMORY ARRAY 
64 ROWS 
64 COLUMNS 


SELECT 


PIN NAMES 


Ap-Ag | ADDRESS INPUTS Veco POWER (+5V) 
W WRITE ENABLE GND GROUND 
cs CHIP SELECT 


MO,-0, DATAINPUT/OUTPUT | 


~ 
“> = PIN NUMBERS 
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M2114 FAMILY 


ABSOLUTE MAXIMUM RATINGS* “COMMENT: Stresses above those listed under “Absolute 


Temperature Under Bias ........... -65°C to +150°C Maximum Ratings” may, cause-permanent damage to the 
Storage Temperature ..........00, ~65°C to +150°C device. This is 2 stress rating only and functional opera: 
Voltage on Any Pin tion of the device at these or any other conditions above : 
With Respect to Ground ........... -0.5V to +7V those indicated in the operational sections of this specif 
Power Dissipation ..........556. Weeye, Soe etter 1.0W cation i not implied. Exposure £0 absolute maximum 
D.C. Output Current 2.6... eee eee eee 5mA rating conditions for extended periods may affect device 
reliability. 


D.C. AND OPERATING CHARACTERISTICS 
Ta = -55°C to +125°C, Vcc = 5V + 10%, unless otherwise noted. 


CONDITIONS 


Min. Typ.) Max. Min. Typ.l1] Max, | UNIT 


Input Load Current 


Vin = 0 to 5.5V 
{All Input Pins) 


CS = 2.4v, 
Vio = 0.4V to Vcc 
Vin = 5.5V, lyo=OmA, 
Ta = 25°C 


Vin =5.5V lyo=OmA, 
Ta =-55°C 


Peewee | 2080 | 20a 
[ouput tonGurens | 21 60 aro 
foupurign Goren | 10 14 | ao 4 
eae | | 
Current 


NOTE: 1. Typical values are for Ta = 25°C and Voc = 5.0V. 
2. Duration not to exceed 30 seconds. 


CAPACITANCE 
Ta = 25°C, f = 1.0 MHz 


SYMBOL TEST 
Input/Output Capacitance 


Input Capacitance 


NOTE: This parameter is periodically sampled and not 100% tested. 


A.C. CONDITIONS OF TEST 


Input Pulse Levels .............. aiseitanae iste Se CN asateyetee o wxane: 6 0.8 Volt to 2.0 Volt 
Input Rise and Fall Times 


6 baie 1s Bre a 8.800 & 89 eHS Bk BRL Es, eratelie ve Or pra 6G Seas ors rere TONES 
Input and Output Timing Levels......... Sayer tase arte Gaus 6 ie fentanay alo te arian ara he 1.5 Volts 
Output Load ............ BiB ysbiare cerierienids wcahoages ms panied to haitontd 1 TTL Gate and C, = 100 pF 
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M2114 FAMILY 


Ai.c. CHARACTERISTICS Ty =-55°C to +125°C, Vcc = SV +10%, unless otherwise noted. 


RIEAD CYCLE !1 


M2114, M2114L M2114-3, M2114L3 
PARAMETER 


Read Cycle Time | 450 Cd 
[AccessTime | A 
Chip Selection to Output Valid a 


SYMBOL 


Chip Selection to Output Active 
Output 3-state from Deselection 
Output Hold from Address Change 


S 

Ny 
S 

Fs 
fg oS 
YY 

Be 4 

Nee SS * 


WRITE CYCLE [2] 


PARAMETER 


Write Cycle Time 
Write Time 


Write Release Time 
Output 3-state from Write 
Data to Write Time Overlap 


Data Hold From Write Time 
ANOTES: 


11. A Read occurs during the overlap of a low cs and a high WE. 
22 A Write occurs during the overlap of a low CS and a low WE. 


M2114-3, M2114L3 


M2114, M2114L 


SYMBOL 


WAVEFORMS 
FREAD CYCLE® WRITE CYCLE 


AADORESS 


NOTES: 


1 @ WE is high for a Read Cycle. 
(0) If the CS low transition occurs simultaneously with the WE low 
transition, the output buffers remain in a high impedance state. RRO 
© WE must be high during all Address transitions. 
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M2114 FAMILY 


TYPICAL D.C. AND A.C. CHARACTERISTICS 


NORMALIZED ACCESS TIME VS. 
SUPPLY VOLTAGE 
12 


és < 
Qa a 
8 08 8 
z Zz 
Z o8 z 
: 2 
0O7 
06 
as 
450 4.75 5.00 52 5.50 
Vee (V) 
NORMALIZED ACCESS TIME VS. 
OUTPUT LOAD CAPACITANCE 
< 8 
g g 
| a 
Fs FS 
x c 
s 2 
OUTPUT SOURCE CURRENT 
VS. OUTPUT VOLTAGE 
ri i 
3 3 
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NORMALIZED ACCESS TIME VS. g 
AMBIENT TEMPERATURE ee ; bs 


NORMALIZED POWER SUPPLY CURRENT 


VS. AMBIENT TEMPERATURE 
12 


WwW 


1.0 


09 
os 
07 
0.6 
05 
55 -10 35 80 128 
Ta CC) 
OUTPUT SINK CURRENT 
VS. OUTPUT VOLTAGE 
“0 
x» 
20 
10 
0 
° 1 2 3 4 


Vou (v) 


2142 


1024 X 4 BIT STATIC RAM 


Max. Access Time (ns) 


Max. Power Dissipation (mw) 


@ High Density 20 Pin Package @ No Clock or Timing Strobe Required 
@ Access Time Selections From 200-450ns = Completely Static Memory 

@ Identical Cycle and Access Times @ Directly TTL Compatible: All Inputs 
= Low Operating Power Dissipation and Outputs 


-1mW/Bit Typical & Common Data Input and Output Using 
B Single +5V Supply Three-State Outputs 


The Intel® 2142 is a 4096-bit static Random Access Memory organized as 1024 words by 4-bits using N-channel Silicon- 
Gate MOS technology. It uses fully DC stable (static) circuitry throughout — in both the array and the decoding — and 
therefore requires no clocks or refreshing to operate. Data access is particularly simple since address setup times are not 
required. The data is read out nondestructively and has the same polarity as the input data. Common input/output pins are 
provided. 

The 2142 is designed for memory applications where high performance, low cost, large bit storage, and simple interfacing 
are important design objectives. It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. 
The 2142 is placed in a 20-pin package. Two Chip Selects (CS, and CSa) are provided for easy and flexible selection of 
individual packages when outputs are OR-tied. An Output Disable is included for direct control of the output buffers. 
The 2142 is fabricated with Intel's N-channel Silicon-Gate technology — a technology providing excellent protection 
against contamination permitting the use of low cost plastic packaging. 


PINCONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


MEMORY ARRAY 
© COLUMNS: 


= 
[—]  coLumn vo cincuits 
= 


PIN NAMES 
4o-Ag___ ADDRESS INPUTS. ) OUTPUT DISABLE 
a WRITE ENABLE Vee POWER (°5V) 
1.82 CHIP SELECT GNO GROUND) 


VO1-1/04 DATA INPUT/OUTPUT. 
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2142 FAMILY 


ABSOLUTE MAXIMUM RATINGS* “COMMENT: Stresses above those listed under “Absolute 


s ° ° Maximum Ratings” may cause permanent damage to the 
bes = en ay : tae : : i on gpa iS ies att device. This is a stress rating only and functional opera- 
VoleonaeyP | tion of the device at these or any other conditions above 

With Respect to Ground ........... -0.5V to +7V those indicated in the operational sections of this specifi- 
Power Dissipation ..... 0 2. cece eee ee ee eee - 1,.0W cations Het implied. Exposure fo) absolute BRUT 
D.C. Output Current. ........eeeee eee «ee  10mA je labile for extended periods may affect device 

reliability. 


D.C. AND OPERATING CHARACTERISTICS 
Ta = 0°C to 70°C, Veg = 5V + 5%, unless otherwise noted. 


2142-2, 2142-3, 2142 | 2142L2, 2142L3, 2142L 
PARAMETER Min. Typ.(1] Max. Min. Typ.(1) Max. | UNIT 
Input Load Current 
(All Input Pins) 
= pa er Se 
Power Supply Current 80 95 
ia oe ee || Sa 


33 
Frown vorwe | 2060 | 20 


Output Short Circuit 
Current 


SYMBOL CONDITIONS 


Vin = 0 to 5.25V 


CS = 2.4V, 
Vijo = 0.4V to Vcc 
Vin = 5.25V, Te) =O0mA, 
Ta = 25°C 
Vin = 5.25V, lio =O mA, 
Ta =0°C 


Vio = GND to Vcc 


NOTE: 1. Typical values are for Ta = 25°C and Voc = 5.0V. 
2 Duration not to exceed 30 seconds. 


CAPACITANCE 
Ta = 25°C, f = 1.0 MHz 
Input/Output Capacitance 


Input Capacitance 


NOTE: This parameter is periodically sampled and not 100% tested. 


A.C. CONDITIONS OF TEST 
Input Pulse Levels... 0... 0. 2c cece cee ee ne ee eee eeeeeccces 0.8 Volt to 2.4 Volt 


Input Rise and Fall Times ............2-24% Ns “ba lSeNenae IeCese 9s Ries, oe sdyerena “eae: VO'NSOC 
Input and Output Timing Levels... 2.0.0... c cece cece eee eee ee eee --.. 1.5 Volts 


Output: oad) 556.0 gree ars auedens ayptan eB Reiteo eran Sesion ... 1 TTL Gate and C, = 100 pF 
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2142 FAMILY 


4A.C. CHARACTERISTICS Ta =0°C to 70°C, Voc = 5V + 5%, unless otherwise noted. 


FREAD CYCLE !1) 


rr 
__SYMBOL PARAMETER Min. Max. Min. Max. | Min. Max. 
; 

70 


‘WRITE CYCLE [2] 


js amamerer nan | tn 
PARAMETER Min. Max. | Min. Max. 
PWiteGycleTime ——=SC~=‘“‘~srC*‘i;=SOC 
a 
[Write Release Time S| OO] 
output aataiefrombaabe sw 

EL 

Cass Eee 


SYMBOL 


Data to Write Time Overlap 


Data Hold From Write Time 
NOTES: 


1. A Read occurs during the overlap of a low cs and a high WE. 
2 AWrite occurs during the overlap of a low CS and a low WE. 


WAVEFORMS 
READ CYCLE® WRITE CYCLE 


ADORESS 


NOTES: 
(0) WE is high for a Read Cycle, 
® WE must be high during all address transitions. Ow 
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2142 FAMILY 


TYPICAL D.C. AND A.C. CHARACTERISTICS 


NORMALIZED ta 


NORMALIZED ta 


* 
a 
NORMALIZED Icc 


NORMALIZED ACCESS TIME VS. 
SUPPLY VOLTAGE 
12 
Ww 
1.0 


09 


NORMALIZED ta 


07 
06 
Os 
450 47s $00 S25 5.50 
Vee (V) 


NORMALIZED ACCESS TIME VS. 
OUTPUT LOAD CAPACITANCE 


Cy (pF) 


OUTPUT SOURCE CURRENT 
VS. OUTPUT VOLTAGE 


fon (mA) 
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NORMALIZED ACCESS TIME VS. 
AMBIENT TEMPERATURE 


06 


os 


Ta CO) 


NORMALIZED POWER SUPPLY CURRENT 
VS. AMBIENT TEMPERATURE 


OUTPUT SINK CURRENT 
VS. OUTPUT VOLTAGE 
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ROMs/EPROMs 


intel 


2332 
32K (4K x 8) ROM 


w Single +5V + 10% Power Supply m@ Edge Enabled With Static Array 

& Pin Compatible to Intel® 2716 and g Inputs and Outputs TTL Compatible 
2732 EPROMs @ Three-State Output for Direct Bus 

# 300ns Max. Access Time Interface 

u Low Power Dissipation: w@ Output Enable for MCS-85™ and 
40mA Max. Average Current MCS-86™ Compatibility 


15mA Max. Standby Current 


The Intel® 2332 is a single +5V supply, 32,768-bit N-channel MOS read only memory organized as 4096 words by 8-bits. It 
has static memory cells and clocked peripheral circuitry, giving a fast device access time with low active power dissipation. 
The 2332 features an automatic standby power mode. When deselected by CE, the active power dissipation is reduced 
from 40mA to 15mA, a 60% reduction. 

The 2332 is ideal for microprocessor systems, especially those with common input and output bus structures. The separate 
output control, OE, eliminates bus contention. The 300ns access time, three-state outputs, address latches, and TTL 
input/output levels further simplify system design. 

A cost effective system development program may be implemented by using the pin compatible Intel® 2732, 32K UV 
EPROM for prototyping and the 2332 ROM for volume production. The 2732 is fully compatible to the 2332 in all respects. 


PIN CONFIGURATION BLOCK DIAGRAM 


DATA OUTPUTS 


OE OE AND 


cE CE LOGIC 


Y 
Ao-Att DECODER 


Y-GATING 


= 
ADDRESS —_ 
INPUTS 
x 32,768-81T 
DECODER CELL MATRIX 


PIN NAMES 


[CE | CHIP ENABLE 


[OE | “OUTPUT ENABLE 
[00-07 | OuTPuTS 
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2332 


ABSOLUTE MAXIMUM RATINGS* “COMMENT: Stresses above those listed under “Absolute 


Maximum Ratings” may cause permanent damage to the 


2 z a o o 
ee Under Bias .... bed . poe device. This is a stress rating only and functional 
vonEee On Any pin with Respect. bias 2 operation of the device at these or any other conditions 
th f : ; f thi 
IGIGIOUNG eco eee ee catatvs -0.5V to +7V above those indicated in the operational sections of this 


Specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may 
affect device reliability. 


D.C. AND OPERATING CHARACTERISTICS 
Ta = 0°C to +70°C, Vcc = 5V +10%, unless otherwise specified. 


Limits 
Parameter Typ.) 
(All Input Pins) 


Input “Low” Voltage 
Output “Low” Voltage 
Output “High” Voltage 


Test Conditions 
Vin = 0 to 5.5V 


BA 


pA Chip Deselected, 


Vout = 5.5V 


Chip Deselected, 
Vout = 0.4V 


pA 


mA 


mA tcyc = 400ns 


Vect+1.0V 


lot = 3.2mA 
lon = -4002A 


NOTE: 1. Typical for Ta = 25°C and nominal supply voltage. 


A.C. CHARACTERISTICS 
Ta = 0°C to +70°C, Vcc = SV +10%, unless otherwise specified. 


eee ee Test Conditions 


CE Cycle Time tcyc = tce(Max) + 
tcc(Min) 


Address to CE Setup Time 


Address Hold Time 
from CE 
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2332 


CONDITIONS OF TEST FOR 
A.C. CHARACTERISTICS 


Output Load ........... 1 TTL Gate and C, = 100 pF 
Input Pulse Levels... 2. ......-- 20s eee 0.8 to 2.4V 
Input Pulse Rise and Fall Times (10% to 90%) ..... 20 ns 
Timing Measurement Reference Level 
NNDUES cies Seenepes eidhew Wiszal ankles bs lela & 1V and 2.2V 
OUtRUR fe itu sete worn 4 ieee 0.8V and 2.0V 


A.C. WAVEFORMS!!! 


ADDRESSES 
VALIO 


ADORESSES 


tacc!3I 
(300 MAX.) 


OUTPUT 


NOTES: 


1. ALL TIMES SHOWN IN PARENTHESES ARE MINIMUM TIMES AND ARE nsec UNLESS 


OTHERWISE SPECIFIED, __ 

2. tor IS SPECIFIED FROM O€ OR CE, WHICHEVER OCCURS FIRST, _ 

3.0E MAY BE OELAYED UP TO 180ns AFTER THE FALLING EDGE OF CE WITHOUT 
IMPACT ON tacc. 


toe!31 
(120 MAX) 


CAPACITANCE!'l 1, =25°c, f= 1 MHz 


LIMITS 
SYMBOL TEST 
TYP. 


Cin All Pins Except Pin Under 
Test Tied to AC Ground 

Cout All Pins Except Pin Under 
Test Tied to AC Ground 


NOTE: 1. This parameter is periodically sampled and is not 100% 
tested, 


ADDRESSES 
MAY CHANGE 


tor |?) 
170 MAX.) 


HIGH Z 
VALID OUTPUT 


DEVICE DESCRIPTION 


Unlike other Intel® MOS ROMs, the 2332 is a clocked or 
Edge Enabled device. Clocked devices have a substantial 
speed power advantage over completely static devices of 
similar density. Both the active as well as the standby 
power is reduced in a clocked device as a result of the 
dynamic periphery. The dynamic periphery is also 
inherently faster than the circuitry used in a comparable 
static device. 


The basic difference between completely static and 
clocked devices is the fact that access time (tacc) does not 
equal cycle time, (tcyc). The reason for this is that the 
clock, in this case CE, has a minimum “off” or HIGH time, 
which is the period during which the non-static periphery 
(address input buffers, latches etc.) is being precharged. 
This “off” period (tcc in the timing diagram) may be 
extended indefinitely but violation of the minimum time 
will result in inadequate precharge causing the addresses 
to be improperly latched, usually resulting in invalid data 
out. It is also permissible to maintain CE “on”, i.e., low, 
indefinitely. 


An access cycle proceeds as follows. Addresses must be 


presented prior to Chip Enable (CE) going low. The falling 
edge of Chip Enable activates the address input buffers 
and latches the addresses in preparation for the address 
decoders and sense amplifiers to perform their function. 
This activity is responsible for both the transient current 
and the increase in current from standby to active, shown 
coincident with the falling edge of CE in Figure 1. The 
addresses must be held stable for a minimum of tan after 
the falling edge of CE. After taH they have been latched 
and the input buffers have been disabled, so the addresses 
can change without affecting the data that will be sensed. 


The internal cycle then proceeds, resulting in the data 
being latched in the output buffer. The falling edge of OE 
(Output Enable) enables the data to be presented, by way 
of the output buffer, to the output pin after toe, the output 
buffer delay time. The output will remain stable as long as 
OE remains low; the state of the output is maintained by 
active internal transistors so that eventual “droop” will not 
be experienced. The output is caused to go to a high 
impedance state by raising either CE or OE to a HIGH 
level; in either case the start of the output float delay, tor, 
applies to the first signal (OE or CE) that is raised toa high 
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FIGURE 1, TYPICAL Icc CURRENT VS. TIME. 


level. When CE is raised, the active cycle is terminated and 
the array is precharged, causing the transient current seen 
coincident with the rising edge of CE in Figure 1. One note 
of caution: “glitches” on the CE input either when itis high 
or low can cause: 


1. The address input circuitry to be improperly pre- 
charged if the glitch occurs during tcc (Chip Enable off 
time) or 

2. The contents of the address input latch or data output 
latch to be modified or lost if the glitch occurs during 
the “on” (low) time of CE. 


And of course, glitches on CE will also cause the transient 
currents referred to above, resulting in power supply noise 
that must be accommodated by adequate decoupling (see 
Power and Decoupling Consideration.) 


POWER SUPPLY DECOUPLING/ 
DISTRIBUTION 


The Icc waveform for the 2332 is shown in Figure 1, and 
specified in the DC Operating Characteristic Table. The 
supply current, Icc, has three segments that are of 
concern to the system designer: standby level, active level, 
and the transient current peaks that are produced on the 
rising and falling edges of Chip Enable. The D.C. 
segments of the current (Icc1 and Icc2) are specified asa 
maximum average value and should be used to determine 
power supply ampacity. Note that cycle time should also 
be taken into consideration in this determination. 


GNO 
SP 2 
eg ° COMPONENT SIDE 
aie eocoe eo00° 
We Oo 010203 CE, O4 Os Og 07 CEz 


FIGURE 2. SUGGESTED 32K/64K PRINTED CIRCUIT 
BOARD LAYOUT. 


The transient currents must be suppressed by properly 
selected decoupling capacitors. High quality, high 
frequency ceramic capacitors of small physical size with 
low inherent inductance must be used. In addition, bulk 
decoupling must be provided, usually near where the 
power supply is connected to the array. The purpose of 
the bulk decoupling is to overcome the voltage droop 
caused by the inductive effects of the PC board traces. 
Electrolytic or tantalum capacitors are suitable for bulk 
decoupling. 


The following capacitance values and locations are 
recommended for the 2332: 


1, A 0.14F ceramic capacitor between Vcc and GND at 
every other device. 

2. A 4.7uF electrolytic capacitor between Vcc and GND 
for each eight devices. 


Intel recommends a power supply distribution system 
such that the power supply and ground traces on the PC 
board are gridded both vertically and horizontally at each 
memory device; this technique minimizes the power 
distribution system impedance and enhances the effect of 
the decoupling capacitors. 


FIGURE 3. THE COMPATIBLE EPROM/ROM FAMILY. 
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intel 


2364 


64K (8K x 8) ROM 


@ Single +5V + 10% Power Supply 

8 Pin Compatible to Intel® 2716/2732 
EPROMs and 2332 ROM 

m@ 300ns Max. Access Time 


@ Edge Enabled With Static Array 
@ Inputs and Outputs TTL Compatible 


m@ Three-State Output for Direct Bus 
Interface 


m= Output Enable for MCS-85™ and 


a Low Power Dissipation: 
MCS-86™ Compatibility 


40mA Max. Average Current 
15mA Max. Standby Current 


The Intel® 2364 is a single +5V supply, 65,536-bit N-channel MOS read only memory organized as 8192 words by 8-bits. It 
has static memory cells and clocked peripheral circuitry, giving a fast device access time with low active power dissipation. 
The 2364 features an automatic standby power mode. When deselected by CE, the active power dissipation is reduced 
from 40mA to 15mA, a 60% reduction. 3 
The 2364 is ideal for microprocessor systems, especially those with common input and output bus structures. The separate 
output control, OE, eliminates bus contention. The 300ns access time, three-state outputs, address latches, and TTL 
input/output levels further simplify system design. 

A cost-effective system development program may be implemented by using the Intel® 2716/2732 UV EPROMs for 
Prototyping and the 2364 ROM for production. The lower 24 pins of the 2364 are the same as the EPROM to facilitate board 
designs in making the transition from EPROM to ROM. 


BLOCK DIAGRAM 


DATA OUTPUTS 


PIN CONFIGURATION 


Voc o—~ 00-07 
GNDo——~ if ar 
cs, 


CSz —. 
ot — 
cE 


cs, DE, AND 
CE Loaic 


Y 
DECODER 


OUTPUT BUFFERS 


ee Y-GATING 
I—-| 


Ag-Att | 
ADDRESS 
INPUTS | 


x 65,536-BIT 
DECODER CELL MATRIX 


PIN NAMES 
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2364 


ABSOLUTE MAXIMUM RATINGS* “COMMENT: Stresses above those listed under “Absolute 


Maximum Ratings” may cause permanent damage to the 


lee a sae ne MEER EINE x ee co device. This is a stress rating only and functional 
Soha Scan Sen ak Respect fa. to operation of the device at these or any other conditions 
above those indicated in the operational sections of this 

TO GKOUNG sss iisinea crews wowwseesieeees -0.5V to +7V Pp 


specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may 
affect device reliability. 


D.C. AND OPERATING CHARACTERISTICS 
Ta = 0°C to +70°C, Vcc = 5V +10%, unless otherwise specified. 


| min, | tye) | Max | 
Pans 
(All Input Pins) 
Bt di 
Heed 
| 
ese 
| 05 | 
| 20 | 
he ace 
| 24 | 


Test Conditions 
Vin = 0 to 5.5V 


Chip Deselected, 
Vout = 5.5V 


Chip Deselected, 
Vout = 0.4V 


Output “High” Voltage 


tcyc = 400ns 


lon = -400nA 
NOTE: 1. Typical for Ta = 25°C and nominal supply voltage. 


A.C. CHARACTERISTICS 
Ta = 0°C to +70°C, Vcc = 5V +10%, unless otherwise specified. 


Limits 


Parameter iB Test Conditions 
CE Cycle Time tcyc = tce(Max) + 


tec(Min) 
Address, CS; and CSz2 to 
CE Setup Time 


Time from CE 
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CONDITIONS OF TEST FOR CAPACITANCE!) 7, =25°c, ¢ = 1 MHz 


A.C. CHARACTERISTICS 


Output Load ........... 1 TTL Gate and C, = 100 pF 
Input Pulse Levels... 0... cee eee eee eee 0.8 to 2.4V 10 pF 
Input Pulse Rise and Fall Times (10% to 90%) ..... 20 ns Test Tied to AC Ground 
Timing Measurement Reference Level 
INDUS. oie seciaweree evel anise so ros eles mnauececocs 1V and 2.2V 
OORBUS sha ga save 8 9-ece ae a +. «-0.8V and 2.0V 


NOTE: 1. This parameter is periodically sampled and is not 100% 
tested. 


ADORESSES, 


(| ADORESSES VALID !) 
S,, and CSp 


AND CS; = CSz * Vin 


ADDRESSES, CS;, and CS, 
MAY CHANGE 
tcc 


Toe! 
(120 MAXI tor? 


(70 MAX) 


HIGH Z 


OUTPUT VALID OUTPUT 


NOTES: 
1 ALL TIMES SHOWN IN PARENTHESES ARE MINIMUM TIMES AND ARE nsec UNLESS 
OTHERWISE SPECIFIED, 
‘2 tog IS SPECIFIED FROM OE OR CE, WHICHEVER OCCURS FIRST. _ 
Jtacc MAY BE DELAYED UP TO 180ns AFTER THE FALLING EDGE OF CE WITHOUT 
IMPACT ON tacc. 


DEVICE DESCRIPTION 
Unlike other Intel® MOS ROMs, the 2364 is a clocked or low. The falling edge of Chip Enable activates the address 


Edge Enabled device. Clocked devices have a substantial input buffers and latches the addresses and chip selects in 
speed power advantage over completely static devices of preparation for the decoders and sense amplifiers to 
similar density. Both the active as well as the standby perform their function. This activity is responsible for both 
power is reduced in a clocked device as a result of the the transient current and the increase in current from 
dynamic periphery. The dynamic periphery is also standby to active, shown coincident with the falling edge 
inherently faster than the circuitry used in a comparable of CE in Figure 1. The addresses and chip selects must be 
Static device. held stable for a minimum of tan after the falling edge of 


CE. After tay they have been latched and the Input buffers 
have been disabled, so the addresses and chip selects can 
change without affecting the data that will be sensed. 


The basic difference between completely static and 
clocked devices is the fact that access time (tacc) does not 
equal cycle time, (tcyc). The reason for this is that the 


clock, in this case CE, has a minimum “off” or HIGH time, The internal cycle then proceeds, resulting in the data 
which is the period during which the non-static periphery being latched in the output buffer. The falling edge of OE 
(address input buffers, latches etc.) is being precharged. (Output Enable) enables the data to be presented, by way 
This “off” period (tcc in the timing diagram) may be of the output buffer, to the output pin after tog, the output 
extended indefinitely but violation of the minimum time buffer delay time. The output will remain stable as long as 
will result in inadequate precharge causing the addresses. OE remains low; the state of the output is maintained by 
to be improperly latched, usually resulting in invalid data active internal transistors so that eventual “droop” will not 
out. It is also permissible to maintain CE “on",i.e.,LOW, — be experienced. The output is caused to go to a high 
indefinitely. impedance state by raising either CE or OE to a HIGH 
An access cycle proceeds as follows. Addresses and Chip level; in either case the start of the output float delay, tor, 


Selects must be presented prior to Chip Enable (CE) going applies to the first signal (OE or CE) that is raised toa high 
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FIGURE 1. TYPICAL Icc CURRENT VS. TIME. 


level. When CE is raised, the active cycle is terminated and 
the array is precharged, causing the transient current seen 
coincident with the rising edge of CEin Figure 1. One note 
of caution: “glitches” on the CE input either when itis high 
or low can cause: 


1. The address input circuitry to be improperly pre- 
charged if the glitch occurs during tcc (Chip Enable off 
time) or 

2. The contents of the address input latch or data output 
latch to be modified or lost if the glitch occurs during 
the “on” (low) time of CE. 


And of course, glitches on CE will also cause the transient 
currents referred to above, resulting in power supply noise 
that must be accommodated by adequate decoupling (see 
Power and Decoupling Consideration.) 


POWER SUPPLY DECOUPLING/ 
DISTRIBUTION 


The Icc waveform for the 2364 is shown in Figure 1, and 
specified in the DC Operating Characteristic Table. The 
supply current, Icc, has three segments that are of 
concern to the system designer: standby level, active level, 
and the transient current peaks that are produced on the 
rising and falling edges of Chip Enable. The D.C. 
segments of the current (Icc1 and Icc2) are specified as a 
maximum average value and should be used to determine 
power supply ampacity. Note that cycle time should also 
be taken into consideration in this determination. 


ec ° COMPONENT SIDE: | | | 
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FIGURE 2. SUGGESTED 32K/64K PRINTED CIRCUIT 
BOARD LAYOUT. 


The transient currents must be suppressed by properly 
selected decoupling capacitors. High quality, high 
frequency ceramic capacitors of small physical size with 
low inherent inductance must be used. In addition, bulk 
decoupling must be provided, usually near where the 
power supply is connected to the array. The purpose of 
the bulk decoupling is to overcome the voltage droop 
caused by the inductive effects of the PC board traces. 
Electrolytic or tantalum capacitors are suitable for bulk 
decoupling. 

The following capacitance values and locations are 
recommended for the 2364: 


1. A 0.1pF ceramic capacitor between Vcc and GND at 
every other device. 

2. A 4.7uF electrolytic capacitor between Vcc and GND 
for each eight devices. 


Intel recommends a power supply distribution system 
such that the power supply and ground traces on the PC 
board are gridded both vertically and horizontally at each 
memory device; this technique minimizes the power 
distribution system impedance and enhances the effect of 
the decoupling capacitors. 


FIGURE 3. THE COMPATIBLE EPROM/ROM FAMILY, 


intel 
2616* 


16K (2K x 8) FACTORY PROGRAMMABLE PROM 


a Single +5V Power Supply a Pin Compatible to Intel® 2716 EPROM 
and 2316E ROM 


a Low Power Dissipation : 
us Fast Access Time — 450 ns Max. 


525 mW Max. Active Power a Inputs and Outputs TTL Compatible 
132 mW Max. Standby Power a Completely Static 


The Intel® 2616 is a 16,384-bit, one-time factory-programmable MOS PROM organized as 2048 words by 8 bits. The 
2616 operates from a single +5V power supply, has a static standby mode, and Is TTL input/output compatible. It is 
Specified over the 0°C to 70°C operating temperature with 5% power supply variation. 


A cost-effective system development program may be implemented quickly into production by using the Intel® 2716 
EPROM for pattern experimentation, the 2616 for fast first incremental 2316E ROM delivery, and the 2316E for volume 
Production. The 2616 is fully compatible to the 2716 in all respects. The fast factory 2616 code pattern turnaround time 
gives rapid transition from EPROM to ROM for production. 

The 2616 has a static standby mode which reduces the power dissipation without increasing access time. The maxi- 
mum active power dissipation is 525 mW, while the maximum standby power dissipation is only 132 mW — a 75% 
saving. 


PIN CONFIGURATION* MODE SELECTION 


BLOCK DIAGRAM 


DATA OUTPUTS 
09-07 


PIN NAMES 


GM CHIP ENABLE/PROGRAM 


[Oe _—'| OUTPUT ENABLE 
[o,-0, | ourrurs 


16,364-BIT 
CELL MATRIX 


"Pin 18 and pin 20 have been named to conform with the entire family of 16K, 32K, and 64K EPROMs and ROMs. 
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2616 


A.C. Characteristics 
Ta = 0°C to 70°C, Voc!) = +5V 45%, Vppl2] = Veg +0.6V 


Limits a 
Ci) ree Read co 
fon | Aaiewoowmenod fe ||| m | eer Oeva 


A.C. Test Conditions: 


Output Load: 1 TTL gate and C, = 100 pF 
Input Rise and Fall Times: <20 ns 
Input Pulse Levels: 0.8V to 2.2V 
Timing Measurement Reference Level: 
Inputs 1V and 2V 
Outputs 0.8V and 2V 


A.C. Waveforms!51 


ADDRESSES persia 


{6] 
E 

(120 MAX.) ee 

6) (100 MAX.) 


j—————_ tacc  ——__—_—_—_+ 


(450 MAX.) 


— 


HIGH Z 


OUTPUT VALID OUTPUT 


1. Veg must be epptied simultaneously or before Vp and removed simultaneously of after Vpp. 

2. Vpp may be connected directly to Voc. The supply current would then be the sum of Ic end Ippy. 
3. Typical vaiues are for Ta = 25°C and nominal supply voltages. 

4, This pecemeter is only sampled and is not 100% tested. 

5, All times shown In preentheses are minimum times and are nsec unless otherwise specified, 

6 DE may be celayed up to 330ns alter tne falling edge of CE without mpact on tac 

7 tpg is specitied trom OF or CE, whichever occurs first. 
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Absolute Maximum Ratings* 
Temperature Under Bias............. -10°C to +80°C 
Storage Temperature ...........26- -65°C to +125°C 
All Input or Output Voltages with 

Respect to Ground .........--+005 +6V to -0.3V 


READ OPERATION 
D.C, and Operating Characteristics 


Ta=0°C to 70°C, Veclt.2) = +5V 45%, Vpp!2] = Vcc £0.6V 


Ih Input Load Current 
Output Leakage Current 
nil [Vipcuvent 


1 
0 
(2) 
feat | Ver conen neva ————_—| 
OL 


Input High Voltage 
Output Low Voltage 
Vou Output High Voltage 


a 
i 
ai 
oa 
fee [ Vectra sera 
ial 
Par 
Pao 
Eel 
a 


*COMMENT: Stresses above those listed under “Absolute Maxi- 
mum Ratings” may cause permanent damage to the device. This is a 
Stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sec- 
tions of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device 


reliability. 


Limits 


Vin=5 25V 


5.25V 


lo. =2.1mMA 


low = -400 pA 


NOTES: 1. Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 
2. Vpp may be connected directly to Vcc. The supply current would then be the sum of Icc and Ippy. 
3. Typical values are for Ta = 25 C and nominal supply voltages. 


Typical Characteristics 


Icc CURRENT 
vs. 
TEMPERATURE 


Tocy STANDBY CURRENT 


o 10 2 30 40 50 60 70 «80 
TEMPERATURE (°C) 


ACCESS TIME ACCESS TIME 


vs. 


CAPACITANCE TEMPERATURE 


TEMPERATURE (°C) 


2616 


DEVICE OPERATION 


The modes of operation of the 2616 are listed in Table I. 
It should be noted that all inputs are at TTL levels. Only a 
single +5V power supply is required since Vpp may be con- 
nected to Vcc. 


TABLE !. MODE SELECTION 


OuTPUTS 
(9-11, 13-17) 


READ MODE 


The 2616 has two control functions, both of which must be 
logically satisfied in order to obtain data at the outputs. 
Chip Enable (CE) is the power control and should be used 
for device selection. Output Enable (OE) is the output 
control and should be used to gate data to the output 


pins, independent of device selection. Assuming that 
addresses are stable, address access time (tacc) Is equal to 
the delay from CE to output (tce). Data is available at 
the outputs 120 ns (tog) after the falling edge of OE, 
assuming that CE has been low and addresses have been 
stable for at least tacc — toe- 


STANDBY MODE 


The 2616 has a standby mode which reduces the active 
Power dissipation by 75%, from 525 mW to 132 mW. The 
2616 is placed in the standby mode by applying a TTL high 
signal to the CE input. When in standby mode, the outputs 
are in a high impedence state, independent of the OE input. 


OUTPUT DESELECTION 


The outputs of two or more 2616s may be OR-tied toge- 
ther on the same data bus. Only one 2616 should have its 
output selected (OE low) to prevent data bus contention 
between 2616s in this configuration. The outputs of the 
other 2616s should be deselected by raising the OE input 
toa TTL high level. 
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intel 
2716* 
16K (2K x 8) UV ERASABLE PROM 


a Fast Access Time a Pin Compatible to Intel® 5V ROMs 
— 350 ns Max. 2716-1 (2316E, 2332, and 2364) and 2732 
— 390 ns Max. 2716-2 EPROM 


= 450. Ds Max 2718 a Simple Programming Requirements 


Single Location Programming 


a Single +5V Power Supply Programs with One 50 ms Pulse 
. a Inputs and Outputs TTL Compatible 
= Low Power Dissipation j 
— 525 mW Max. Active Power eOBng Rea diane Eregran 
— 132 mW Max. Standby Power a Completely Static 


The Intel® 2716 is a 16,384-bit ultraviolet erasable and electrically programmable read-only memory (EPROM). The 2716, 
Operates from a single 5-volt power supply, has a static standby mode, and features fast single address location program- 
ming. It makes designing with EPROMs faster, easier and more economical. For production quantities, the 2716 user can 
Convert rapidly to Intel’s pin-for-pin compatible 16K ROM (the 2316E) or the new 32K and 64K ROMs (the 2332 and 2364 
fespectively). 

The 2716, with its single 5-volt supply and with an access time up to 350 ns, is ideal for use with the newer high performance 
+5V microprocessors such as Intel’s 8085 and 8086. The 2716 is also the first EPROM with a static standby mode which 
reduces the power dissipation without increasing access time. The maximum active power dissipation is 525 mW while the 
maximum standby power dissipation is only 132 mW, a 75% savings. 


The 2716 has the simplest and fastest method yet devised for programming EPROMs — single pulse TTL level programming. 
No need for high voltage pulsing because all programming controls are handled by TTL signals. Now, it is possible to program 
on-board, in the system, in the field. Program any location at any time — either individually, sequentially or at random, with 
the 2716's single address location programming. Total programming time for all 16,384 bits is only 100 seconds. 


PIN CONFIGURATION® MODE SELECTION 
2716 2732" 


BLOCK DIAGRAM 


tRefer to 2732 para oureuts 
data sheet for Se 
specifications 


PIN NAMES 
[Ao-Ag | AODRESSES 
[ CE/PGM_| CHIP ENABLE/PROGRAM 
oe 
04-5 ‘aed 
CELL MATRIX 


"Pin 18 and pin 20 have been renamed to conform with the entire family of 16K, 32K, and 64K EPROMs and ROMs. The 
die, fabrication process, and specifications remain the same and are totally uneffected by this change. 
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A.C. Characteristics 


Test 
Conditions 


ae ae 2716-1 Limits 2716-2 Limits 


Parameter 


Address to Output Delay 


CE to Output Delay 


Output Enable to Output Delay 


'CE 
TOE 
tor Output Enable High to Output Float 


Capacitance) tT, = 25°C, f= 1 MHz A.C. Test Conditions: 

Parameter i Output Load: 1 TTL gate and C, = 100 pF 
C 1 t Capacitance Input Rise and Fall Times: <20 ns 

Input Pulse Levels: 0.8V to 2.2V 

Output Capacitance Timing Measurement Reference Level: 


Inputs 1V and 2V 
Outputs 0.8V and 2V 


A. C. Waveforms (1) 


ai, 
ADDRESSES arte 
oe 
cE 
o. 
OE 
oe 


OUTPUT 


NOTE: 1. Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 
2. Vpp may be connected directly to Voc except during programming. The supply current would then be the sum of loc and Ipp1. 
3. The tolerance of 0.6V allows the use of a driver circuit for switching the Vpp supply pin from Vcc in read to 25V for pro- 
gramming. 
4. Typical values are for Ta = 25°C and nominal supply voltages. 
5. This parameter is only sampled and is not 100% tested. 
6. OE may be delayed UP tO tACC — tOE After the falling edge of CE without impact on tacc.- 
7. tor is specified from OE or CE, whichever occurs first. 
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TYPICAL 16K EPROM SYSTEM 


° This scheme accomplished by using CE (PD) as the primary decode. OE (CS) is now controlled by previously unused 
signal. RD now controls data on and off the bus by way of OE. 
* Aselected 2716 is available for systems which require CE access of less than 450 ns for decode network operation. 
* The use of a PROM as a decoder allows for: 
a) ALE is required for Edge Enabled devices (32K and 64K), and is optional for 2716. 
b) Compatibility with upward (and downward) memory expansion. 
c) Easy assignment of ROM memory modules, compatible with PL/M modular software concepts. 


8K, 16K, 32K, 64K 5V EPROM/ROM FAMILY 
PRINTED CIRCUIT BOARD LAYOUT 


(pe 
2:8 A 8 C ‘am -_ ‘= = 
An O——0-@,0,_ = = <=—o 


6 oO OOees—“_it 
As O—o —as—____Sas —en -< 
Ay o———* ———___ ~~= 


og é COMPONENT SIDE} | | } 
cocoe ©0000 
Oo 010203 CE; O4 Os Og O7 CEQ 
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ae 


ERASURE CHARACTERISTICS 


The erasure characteristics of the 2716 are such that erasure 
begins to occur when exposed to light with wavelengths 
shorter than approximately 4000 Angstroms (.\). It should 
be noted that sunlight and certain types of fluorescent 
lamps have wavelengths in the 3000—4000A range. Data 
show that constant exposure to room level fluorescent 
lighting could erase the typical 2716 in approximately 3 
years, while it would take approximatley 1 week to cause 
erasure when exposed to direct sunlight. If the 2716 is to 
be exposed to these types of lighting conditions for ex- 
tended periods of time, opaque labels are available from 
Intel which should be placed over the 2716 window to 
prevent unintentional erasure 


The recommended erasure procedure (see Data Catalog 
Page 4-83) for the 2716 is exposure to shortwave ultraviolet 
light which has a wavelength of 2537 Angstroms (A). The 
integrated dose (i.e., UV intensity X exposure time) for 
erasure should be a minimum of 15 W-sec/cm2. The erasure 
time with this dosage is approximately 15 to 20 minutes 
using an ultraviolet !amp with a 12000 uW/cm? power 
rating. The 2716 should be placed within 1 inch of the 
lamp tubes during erasure. Some lamps have a filter on their 
tubes which should be removed before erasure. 


DEVICE OPERATION 


The five modes of operation of the 2716 are listed in Table 
|, It should be noted that all inputs for the five modesare at 
TTL levels. The power supplies required are a +5V Vcc and 
a Vpp. The Vpp power supply must be at 25V during the 
three programming modes, and must be at 5V in the other 


two modes. 
TABLE (. MODE SELECTION 


Vec | OuTPuTs 
si Hee (ay | (9-19, 13-17) 


vin a fy Sour 


Ctvecm 
8 


s | 
Stanapy vin DontCare | 9S | -5 | Hgnz | 
Progam Punied Vi Vim [vin [+25 | +5 fo | 
Prog am Verity Vit Vu | 2 | <8 Dour 
Program tanipit vin t vin iz a 


READ MODE 


The 2716 has two control functions, both of which must be 
logically satisfied in order to obtain data at the outputs. 
Chip Enable (CE) is the power contro! and should be used 
for device selection. Output Enable (OE) is the output 
control and should be used to gate data to the output 


pins, independent of device selection. Assuming that 
addresses are stable, address access time (tacc) is equal to 
the delay from CE to output (tc¢). Data is available e at 
the outputs 120 ns (tog) after the falling edge of OE, 
assuming that CE has been low and addresses have been 
stable for at least tacc — tog. 


STANDBY MODE 


The 2716 has a standby mode which reduces the active 
Power dissipation by 75%, from 525 mW to 132 mW. The 
2716 is placed in the standby mode by applying a TTL high 
signal to the CE input. When in standby mode, the outputs 
are in a high impedence state, independent of the OE input. 


OUTPUT OR-TIEING 


Because 2716's are usually used in larger memory arrays, 

Intel has provided a 2 line control function that accomo- 

dates this use of multiple memory connections. The two 

line control function allows for 

a) the lowest possible memory power dissipation, and 

b) complete assurance that output bus contention will 
not occur. 


To most efficiently use these two control lines, it is rec- 
ommended that TE (pin 18) be decoded and used as the 
primary device selecting function, while OE (pin 20) be 
made a common connection to all devices in the array and 
connected to the READ line from the system control bus. 
This assures that all deselected memory devices are in their 
low power standby mode and that the output pins are only 
active when data is desired from a particular memory 
device. 


PROGRAMMING 


Initially, and after each erasure, all bits of the 2716 are in 
the ‘1’’ state. Data is introduced by selectively program- 
ming ‘‘0’s’’ into the desired bit locations. Although only 
“0's will be programmed, both ‘1’s‘’ and “0's’’ can be 
Presented in the data word. The only way to change a 0” 
toa ‘1’ is by ultraviolet light erasure. 


The 2716 is in the programming mode when the Vpp power 
supply is at 25V and OE is at Vj. The data to be pro- 
grammed is applied 8 bits in parallel to the data output 
pins. The levels required for the address and data inputs are 
TTL. 


When the address and data are stable, a 50 msec, active 
high, TTL program pulse is applied to the CE/PGM input. 
A program pulse must be applied at each address location 
to be programmed. You can program any location at any 
time — either individually, sequentially, or at random. 
The program pulse has a maximum width of 55 msec. The 
2716 must not be programmed with a DC signal applied to 
the CE/PGM input. 


Programming of multiple 2716s in parallel with the same 
data can be easily accomplished due to the simplicity of 
the programming requirements. Like inputs of the paral- 
leled 2716s may be connected together when they are pro- 
grammed with the same data. A high level TTL pulse 
applied to the CE/PGM input programs the paralleled 
2716s. 


PROGRAM INHIBIT 


Programming of multiple 2716s in parallel with different 
data is also easily accomplished. Except for CE/PGM, all 
like inputs (including OE) of the parallel 2716s may be 
common. A TTL level program pulse applied to a 2716's 
CE/PGM input with Vpp at 25V will program that 2716. 
A low level CE/PGM input inhibits the other 2716 from 
being programmed. 


PROGRAM VERIFY 


A verify should be performed on the programmed bits to 
determine that they were correctly programmed. The verify 
may be performed wth Vpp at 25V. Except during pro- 
gramming and program verify, Vpp must be at 5V. 


—_—___————————— SSSSSSSSSSSmmmmsHhFeSFSMFhFhFeFeFeFe 
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PROGRAMMING 


The programming specifications are described in the Data Catalog PROM/ROM Programming Instructions on Page 4-83. 


Absolute Maximum Ratings* 


Temperature Under Bias.........- +. 10°C to +80°C "COMMENT: Stresses above those listed under “Absolute Maxi- 

Storage Temperature ......... . 2. 65°C to +125°C mum Ratings’ may cause permanent damage to the device. This is a 

All Input or Output Voltages with stress faing coy and peeves pe ae of ane) device at these or 

any other conditions above those indicated in the operational sec- 

Respect to Ground a ee ey eee +6V to -0.3V tions of this specification is not implied. Exposure to absolute 

Vpp Supply Voltage with Respect maximum rating conditions for extended periods may affect device 
to Ground During Program ........ +26.5V to -0.3V reliability. 


DC and AC Operating Conditions During Read 


. 


READ OPERATION 
D.C. and Operating Characteristics 


Typ.(41 


(2) mA | CE= Vin, OFF Vit 


[2] 


NOTES: 1. Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 
2. Vpp may be connected directly to Vcc except during programming. The supply current would then be the sum of Icc and Ipp4. 
3. The tolerance of 0.6V allows the use of a driver circuit for switching the Vpp supply pin from Vcc in read to 25V for program- 
ming. 
4. Typical values are for Ta = 25°C and nominal supply voltages. 
5. This parameter is only sampled and is not 100% tested. 


Typical Characteristics 


lec CURRENT ACCESS TIME ACCESS TIME 
vs. vs. vs. 
TEMPERATURE CAPACITANCE ’ TEMPERATURE 
700 
600 
1cc2 ACTIVE CURRENT aes 
CEevit 
Vocs5V F 400 
9 
300 
Toot STANDBY CURRENT = 
CEeVin 
Voc*5V 100 


° 0 20 jo 040 so 6 70 lw 
TEMPERATURE | C) 


TEMPERATURE (°C) 


ee 


in 


2732 
32K (4K x 8) UV ERASABLE PROM 


m Single +5V + 5% Power Supply uw Pin Compatible to Intel® 2716 EPROM 
and 2332/2364 ROMs 
m Output Enable for MCS-85™ and ; 
MCS-86™ Compatibility = Completely Static 


a Simple Programming Requirements 


m Fast Access Time: 450ns Max. — Single Location Programming 


= Low Power Dissipation: — Programs with One 50ms Pulse 
160mA Max. Active Current m= Three-State Output for Direct Bus 
25mA Max. Standby Current Interface 


The Intel® 2732 is a 32,768-bit ultraviolet erasable and electrically programmable read-only memory (EPROM). The 2732 
operates from a single 5-volt power supply, has a standby mode, and features an output enable control. For production, the 
pin compatible 2332 and 2364 ROMs are available. The total programming time for all bits is three and a half minutes. All 
these features make designing with the 2732 in microcomputer systems faster, easier, and more economical. 


An important 2732 feature is the separate output control, Output Enable 1OE:, from the Chip Enable control CE). The OE 
control eliminates bus contention in multiple bus microprocessor systems. Intel's Application Note AP-30 describes the 
microprocessor system implementation of the OE and CE controls on Intel's 2716 and 2732 EPROMs. AP-30 is available 
from Intel's Literdture Department. 


The 2732 has a standby mode which reduces the power dissipation without increasing access time. The maximum active 
current is 1€0mA, while the maximum standby current is only 25mA, an 85% savings. The standby mode is achieved by 
applying a TTL-high signal to the CE input. 


PIN CONFIGURATION MODE SELECTION 


OENVpp | Vcc | OUTPUTS 
(20} (24) | (9-11,13-17) 


Es ee RT a 
Standby Vin | Don't Care High Z 
Program Vin a ea 


Program Inhibit] Vin High Z 


1 

2 
3 
4 
5 
6 
7 
8 
9 


BLOCK DIAGRAM 


OATA OUTPUTS 
Voc o——- 00-07 


GNOo——~ 

Veep o———— 

PIN NAMES aes 
c—| OUTPUT BUFFERS 


Y-GATING 


32,768-B1T 
CELL MATRIX 


Pa —| Si 


AQ-ANt 
AODRESS 
INPUTS 
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2758* 
8K (1K x 8) UV ERASABLE LOW POWER PROM 


a Single +5V Power Supply a Fast Access Time: 450 ns Max. in 
Active and Standby Power Modes 
a Simple Programming Requirements 


Single Location Programming a Inputs and Outputs TTL Compatible 
Programs with One 50 ms Pulse during Read and Program 
a Low Power Dissipation = Completely Static 
525 mW Max. Active Power 
132 mW Max. Standby Power u Three-State Outputs for OR-Ties 


The Intel® 2758 is a 8192-bit ultraviolet erasable and electrically programmable read-only memory (EPROM). The 2758 
Operates from a single 5-volt power supply, has a static standby mode, and features fast single address location program- 
ming. It makes designing with EPROMs faster, easier and more economical. The total programming time for all 8192 bits 
is 50 seconds. 

The 2758 has a static standby mode which reduces the power dissipation without increasing access time. The maximum 
active power dissipation is 525 mW, while the maximum standby power dissipation is only 132 mW, a 75% savings. Power- 
down is achieved by applying a TTL-high signal to the CE input. 

A 2758 system may be designed for total upwards compatibility with Intel’s 16K 2716 EPROM (see Applications Note 30). 
The 2758 maintains the simplest and fastest method yet devised for programming EPROMs — single pulse TTL-level pro- 
gramming. There is no need for high voltage pulsing because all programming controls are handled by TTL signals. Now it is 
possible to program on-board, in the system, in the field. Program any location at any time — either individually, sequentially, 
or at random, with the single address location programming. 


PIN CONFIGURATION* MODE SELECTION 


Standby 


Program 
BLOCK DIAGRAM 


Program Verity 
Program Inhibit 
DATA OUTPUTS 


vec o———> 0-07 


PIN NAMES 


ADDRESSES _ 
CHIP ENAGLE/PROGRAM 
OUTPUT ENABLE 

OUTPUTS 


SELECT REFERENCE 
INPUT LEVEL 


OUTPUT ENABLE 
CHIP ENABLE AND. 
PROG LOGIC 


e192 IT 
CELL MATRIX 


‘Pin 18 and pin 20 have been renamed to conform with the entire family of 16K, 32K, and 64K EPROMs and ROMs. The 
die, fabrication process, and specifications remain the same and are totally uneffected by this change. 
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PROGRAMMING 


The programming specifications are described in the Data Catalog PROM/ROM Programming Instructions on page 4-83. 


Absolute Maximum Ratings* 


Temperature Under Bias............. -10°C to +80°C 
Storage Temperature . . wee ee 65°C to #125°C * 
All Input or Output Voltages with 
Respect to Ground ......... 
Vpp Supply Voltage with Respect 
to Ground During Programming. .. . . +26.5V to -0.3V 


sees. F6V to -0.3V 


“COMMENT: Stresses above those listed under “Absolute Maxi- 
mum Ratings’ may cause permanent damage to the device. This isa 
Stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sec- 
tions of this specification is not implied. Exposure to absolute 


maximum rating conditions for extended periods may affect device 
reliability. 


READ OPERATION 
D.C. and Operating Characteristics 


Ta = 0°C to 70°C, Vec!!.2] = +5V 25%, Vppl2) = Voc +0.6V13) 


NOTES: 1. 


jvm | cot | 


BA Vin = 5.25V 


Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 


2. Vpp may be connected directly to Vcc except during programming. The supply current would then be the sum of oc and !pp4. 
3. The tolerance of 0.6V allows the use of a driver circuit for switching the Vpp supply pin from Vcc in read to 25V for programming. 
4. Typical values are for Ta = 25°C and nominal supply voltages. 


5. AR is a reference voltage level which requires an input current of only 10 wA. The 2758 $1865 is also available which has a reference 


voltage level of Vyy instead of Vi, . 


Typical Characteristics 


Icc CURRENT ACCESS TIME ACCESS TIME 
vs. vs. vs. 
TEMPERATURE CAPACITANCE TEMPERATURE 


oVin 
Voc = $V 


Tacc ins) 


© 100 200 300 400 500 600 700 800 o 10 200 30 40 50 60 70 
TEMPERATURE ('C) Cy (pF) TEMPERATURE (°C) 
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iC... Characteristics 
442#0°C to 70°C, Voc! !l = +5V #5%, Vppl2) = Vec +0.6V 31 


| Min. | 
[ese ovmn oer | 
cr 
Fou Eni o Outi xey | 
ae 
[Atiewieououtvos YO 


“=paacitance 5) Ta = 25°C, f = 1 MHz A.C. Test Conditions: 


MITITE: Please refer to page 2 for notes. 


Output Load: 1 TTL gate and Cy = 100 pF 
Input Rise and Fall Times: <20 ns 
Input Pulse Levels: 0.8V to 2.2V 
Timing Measurement Reference Level: 
Inputs 1V and 2V 
Outputs 0.8V and 2V 


Tom [wi [ Ui [Sonate | 
mmntoncions | «6 oF [vine 


IV 
Output Capacitance ov 


C.. Waveforms [6] 


DARESSES ADDRESSES 


QOUTPUT 


Ss 


1 
2 
3 
‘ 
$ 
6 
7 


VALID 


(7] 
toe 
{120 MAX.) 


(8) 
tor 

(7] (100 MAX.) 
tacc 

(450 MAX.) 


HIGH Z 
VALID OUTPUT 


Voc mutt be applied simultaneously or before Vpp and removed simultaneously or alter Vp 
Vpp may be connected directly to VCC except during programming The suppty current wouid then be the sum of Ic and Ipp1. 
The tolerance at 0.6V allows the ute of a driver circuit for switching the Vpp supply pin trom Vcc 10 read to 25V for programming. 


. Typrcal vaiues are for Ta = 25°C and nominal supply voltages, 


Thit parameter is only sampled and is not 100% tested. 
All wnes shown in parentheses are minimum times and are nsec unless otherwise specified. 
OF may be deiaved up to 330ns after the falling edge of CE without impact on tacc. 


8. tOF is soecitved trom OE or CE, whichever occurs first 
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ERASURE CHARACTERISTICS 


The erasure characteristics of the 2758 are such that erasure 
begins to occur when exposed to light with wavelengths 
shorter than approximately 4000 Angstroms (A). It should 
be noted that sunlight and certain types of fluorescent 
lamps have wavelengths in the 3000—4000A range. Data 
show that constant exposure to room level fluorescent 
lighting could erase the typical 2758 in approximately 3 
years, while it would take approximately 1 week to cause 
erasure when exposed to direct sunlight. If the 2758 is to 
be exposed to these types of lighting conditions for ex- 
tended periods of time, opaque labels are available from 
Intel which should be placed over the 2758 window to 
prevent unintentional erasure. 


The recommended erasure procedure (see Data Catalog 
page 4-83) for the 2758 is exposure to shortwave ultraviolet 
light which has a wavelength of 2537 Angstroms (A). The 
integrated does (i.e., UV intensity X exposure time) for 
erasure should be a minimum of 15 W-sec/cm2. The erasure 
time with this dosage is approximately 15 to 20 minutes 
using an ultraviolet lamp with 12,000 uW/cm2 power 
rating. The 2758 should be placed within 1 inch of the 
lamp tubes during erasure. Some lamps have a filter on their 
tubes which should be removed before erasure. 


DEVICE OPERATION 


The five modes of operation of the 2758 are listed in Table 
1. It should be noted that all inputs for the five modes are 
at TTL levels. The power supplied required are a+5V Vcc 
and a Vpp. The Vpp power supply must be at 25V during 
the two programming modes, and must be at 5V in the 
other three modes. In all operational modes, Ag must be 
at Vit (except for the 2758 S1865 which has Ar at Vj). 


TABLE |. MODE SELECTION 


OUTPUTS 
(9-11, 13-17) 


Program Verity 
Program Inhibit 


READ MODE 


The 2758 has two control functions, both of which must be 
logically satisfied in order to obtain data at the outputs. 
Chip Enable (CE) is the power control and should be used 
for device selection. Output Enable (OE) is the output 
control and should be used to gate data to the output 
pins, independent of device selection. Assuming that 
addresses are stable, address access time (tacc) is equal to 
the delay from CE to output (tce). Data is available at 
the outputs 120 ns (tog) after the falling edge of OE, 
assuming that CE has been low and addresses have been 
stable for at least tacc — tog- 


STANDBY MODE 


The 2758 has a standby mode which reduces the active 
power dissipation by 75%, from 525 mW to 132 mW. The 
2758 is placed in the standby mode by applying a TTL high 
signal to CE input. When in standby mode, the outputs 
are in a high impedence state, independent of the OE input. 


OUTPUT DESELECTION 


The outputs of two or more 2758s may be OR-tied toge- 
ther on the same data bus. Only one 2758 should have its 
output selected (OE low) to prevent data bus contention 
between 2758s in this configuration, The outputs of the 
other 2758s should be deselected by raising the OE input 
to a TTL high level. 


PROGRAMMING 


Initially, and after each erasure, all bits of the 2758 are in 
the "1" state. Data is introduced by selectively program- 
ming ‘0's’ into the desired bit locations. Although only 
“0's'’ will be programmed, both ‘1's’ and ‘’0’s’’ can be 
Presented in the data word. The only way to change a0” 
toa‘’1"’ is by ultraviolet light erasure. 


The 2758 is in the programming mode when the Vpp 
power supply is at 25V and OE is at Vjy. The data to be 
programmed is applied 8 bits in parallel to the data output 
pins. The levels required for the address and data inputs are 
TTL. 


When the address and data are stable, a 50 msec, 
active high, TTL program pulse is applied to the CE/PGM 
input. A program pulse must be applied at each address 
location to be programmed. You can program any location 
at any time — either individually, sequentially, or at ran- 
dom. The program pulse has a maximum width of 55 msec. 


The 2758 must be programmed with a DC signal applied 
to the CE/PGM input. 


Programming of multiple 2758s in parallel with the same 
data can be easily accomplished due to the simplicity of 
the programming requirements. Like inputs of the paral: 
lelled 2758s may be connected together when they are 
Programmed with the same data. A high level TTL pulse 
applied to the CE/PGM input programs the paralleled 
2758s. 


PROGRAM INHIBIT 


Programming of multiple 2758s in parallel with different 
data is also easily accomplished. Except for CE/PGM, all 
like inputs(including OE) of the parallel 2758s may be 
common. A TTL level program pulse applied to a 2758's 
CE/PGM input with Vpp at 25V will program that 2758. 
A low level CE/PGM input inhibits the other 2758 from 
being programmed. 


PROGRAM VERIFY 


A verify should be performed on the programmed bits to 
determine that they were correctly programmed. The verify 
may be performed with Vpp at 25V. Except during pro- 
gramming and program verify, Vpp must be at 5V. 
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intel 
3604A, 3624A FAMILY 
4K (512 x 8) HIGH-SPEED PROM 


3604A-2 | 3604A 
3624A-2 | 3624A 


ozo 
| vo | 170 | 


3604AL 
Loe 


130/25° 


*Standby Current When The Chip is Deselected. 


« Fast Access Time =» Four Chip Select Inputs 
--60ns Max (3604A-2, 3624A-2) For Easy Memory 
" Low Standby Power Dissipation Expansion 
(3604AL) --32 uW/Bit Max = Polycrystalline Silicon Fuse 
* Open Collector (3604A) For Higher Reliability 
or Three State (3624A) 
Outputs = Hermetic 24 Pin DIP 


The Intel® 3604A/3624A are 4096-bit bipolar PROMs organized as 512 words by 8 bits. The fast second generation 
3604A/3624A replaces Its Intel predecessor, the 3604/3624. Higher speed PROMs, the 3604A-2/3624A-2, are now avail- 
able at 60 ns. All 3604A/3624A specifications, except programming, are the same as or better than the 3604/3624. Once 
programmed, the 3604A/3624A are interchangeable with the 3604/3624 


The PROMs are manufactured with all outputs initially logically high. Logic low levels can be electrically programmed 
In selected bit locations. Both open collector and three-state outputs are available. Low standby power dissipation can 
be achieved with the 3604AL. The standby power dissipation is approximately 20% of the active power dissipation. 
The 3604A/3624A are available In a hermetic 24-pin dual In-line package. These PROMs are manufactured with the 
time-proven polycrystalline silicon fuse technology. 


PIN NAMES 


Ag-Ag AOORESS INPUTS 


€S1—CS2 ip fi (1) 
C53-CSq CHIP SELECT INPUTS 


01-08 DATA OUTPUTS 


Mode/Pin Connection 


3604A, 3604A-2 
3624A, 3624A-2 
3604AL +5V Must be Left Open 


No Connect or 5V 


PROGRAM: 3604A, 3604A-2 


Pulsed 12.5V 
36244, 3624-2 Pulsed 12.5V rulsed 12.5) 


3604AL Pulsed 12.5V Pulsed 12.5V 


STANDBY: 3604AL Power dissipation is automatically 
reduced whenever the 3604AL 
is deselected. 


[1] To select the PROM CSy = CS2=0 
and CS3 = CSq* 1. 


PIN CONFIGURATION BLOCK DIAGRAM ‘ LOGIC SYMBOL 


Dataout! oataoute 
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3604A, 3624A FAMILY 


PROGRAMMING 


The programming specifications are described in the Data Catalog PROM/ROM Programming Instructions on page 4-89, 


Absolute Maximum Ratings* 


Temperature Under Bias ........... -65°C to #125°C “COMMENT 

Storage Temperature ..-.-...+.+-- ~65°C to +160°C Stresses above those listed under “Absolute Maximum 
Output or Supply Voltages .......-.- -0.5V to 7 Volts Rating” may cause permanent damage to the device. This 
All Input Voltages .. 2... 6+. 006-0 e eee 1.6 to 5.5V is a stress rating only and functional operation of the device 
Output Currents ©... 6. ee eee ee eee ee eee 100mA at these or at any other condition above thgse indicated in 


the operational sections of this specification is not implied. 


D. C. Characteristics: aii Limits Apply for Veg= +5.0V +5%, Ta= O°C to +75°C 


Symbol Parameter 3 : Test Conditions 


l tea | Address Input Load Current . i Vec = 5.25V, Va = 0.45V 


Chip Select Input Load Current R . Voc = 5.25V, Vs = 0.45V 
Address Input Leakage Current Vcc = §.25V, Va = 5.25V 


Chip Select Input Leakage Vec = 5.25V, Vs = 5.25V 
Current 


Address Input Clamp Voltage Voc = 4.75V, la = -10 mA 


Chip Select Input Clamp Vec = 4.75V, Is = -10 mA 
Voltage 


1 Vor | Output Low Voltage Voc = 4.75V, lor = 15 mA 
Output Leakage Current HA | Voc = 5.25V, Vce = 5.25V 
mA 


lec1 Power Supply Current (3604A, Voc = 5.25V, Vao>Vag = OV, 
3604A-2, 3624A, and 3624A-2) CS; = CS2 = OV, CS3 = CSq = 5.25V 


lrs 

Ira 

Vea 

Ves 

Vou 

lec2 Power Supply Current (3604AL) Vec2 = 5.25V, Vcc = Open 

CS, = CS2 = 0.45V, CS3 = CS, = 2.4V 
Standby | 15 | CS, = CS2 = 2.5V 


Input “Low” Voltage Vec = 5.0V 
Input “High” Voltage 


3624A FAMILY ONLY 


Parameter 


Test Conditions 


Vo =5.25V or 0.45V, 
Vec=5.25V,CS, =CS9=2.4V 


A 
Vo = OV, Vcc = 4.75V 


a 


Output Leakage for High 
Impedance Stage 


Output Short Circuit Current 


Output High Voltage 


NOTES: 1. Typical values are at 25°C and at nominal voltage. 
2. Unmeasured outputs are open during this test. 
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3604A, 3624A FAMILY 


A.C. Characteristics vc = +5V #5%, Ta = 0°C to +75°C 


SYMBOL PARAMETER | MAXIMUM LIMITS (ns) | TEST CONDITIONS 


tar, t eo 


CS, = CS. = Vii 
t t Address to Output Delay and CS3 = CS, = Vin 
os A+ to Select the PROM 


Chip Select to Output Delay 
— Chip Select to Output Dela’ 


LIMITS 
METER 
PARA TYP. 


Address Input Capacitance | 0 | 
6 10 


Chip-Select Input Capacitance 


UNIT TEST CONDITIONS 


Veo = SV Viy= 2.5V 


Veo =5V Vin = 2.5V 


Veo=5V Vout = 2.5V 


Output Capacitance 


NOTE 1: This parameter is only period:catly sampled and is not 100% tested. 


Switching Characteristics 


Conditions of Test: 15 mA TEST LOAD 
Input pulse amplitudes - 2.5V 
Input pulse rise and fall times of 

5 nanoseconds between 1 volt and 2 volts 
Speed measurements are made at 1.5 volt levels 30pF 6002 
Output loading is 15 mA and 30 pF 
Frequency of test - 2.5 MHz = 


Waveforms 


ADDRESS TO OUTPUT DELAY CHIP SELECT TO OUTPUT DELAY 


ADDRESS 
INPUT 


OUTPUT 


OUTPUT 
OUTPUT 


to 


tas- 


intel 
3605A, 3625A 
4K (1K x 4) PROM 


3605A-1,3625A-1 | 50ns Max. | 
3605A, 3625A 


a +10% Power Supply Tolerance a Open Collector (3605A) and Three-State 


a Fast Access Time: 40 ns Typically eene Se Unune 


u Lower Power Dissipation: 0.14 mW/Bit —__ Polycrystalline Silicon Fuse for Higher 
Typically ? Reliability 


a Simple Memory Expansion Two Chip 


Select Inputs a Hermetic 18-Pin DIP 


The Intel® 3605A and 3625A families are high density, 4096-bit bipolar PROMs organized as 1024 words by 4 bits. The 
1024 by 4 organization gives ideal word or bit modularity for memory array expansion. The 3605A has open collector 
outputs and the 3625A has three-state outputs. The 3605A and 3625A are fully specified over the 0°C to 75°C 
temperature range with + 10% power supply variation. Maximum access times of 50 ns (3605A-2/3625A-2) and 60 ns 
(3605A/3625A) are available at a typical power dissipation of 0.14 mW/bit. 

The 3605A/3625A are packaged in an 18-pin dual in-line hermetic package with 300 milli-inch centers. Thus, twice the 
bit density can be achieved with the 3605A/3625A in the same memory board areas as 512 by 8-bit PROMs in 24-pin 
packages. ‘ 

The highly reliable polycrystalline silicon fuse technology is used in the manufacturing of the 3605A and 3625A 
families. All outputs are initially a logical high and logic low levels can be electrically programmed in selected bit loca- 


tions. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


64 X 64 ARRAY 


1/64 DECODE 


PIN NAMES 


1/16 DECODE 


Ag: Ay ADDRESS INPUTS 
cS CHIP SELECT INPUT 


0,:0, _ OUTPUTS 
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3065A, 3625A FAMILIES 
PROGRAMMING 


The programming specifications are described in the Data Catalog PROM/ROM Programming Instructions on page 4-89. 


Absolute Maximum Ratings* 


Temperature Under Bias ........... -65°C to +125°C *COMMENT 
Storage Temperature ...........0. -65°C to +160°C 
Output or Supply Voltages ......... -0.5V to 7 Volts 
All Input Voltages ..............005- -1V to 5.5V 
Output Currents 2.2... . 22. ee ee eee eee 100mA 


Stresses above those listed under “Absolute Maximum 
Rating’ may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device 
at these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 


D. C. Characteristics: ati Limits Apply for Voc = +8.0V £10%, Ta = 0°C to +75°C 


Test Conditions 
Voc=5.5V, Va=0.45V 
Vcec=5.5V, Vs=0.45V 
Vec=5.5V, Va = 5.5V 


oan kat Vec=5.5V, Vs = 5.5V 


Vec=4.5V, Ia=- 10mA 


| -15 | v_| 
joa Vec=4.5V, Is=-10mA 


Chip Select Input Leakage 
Current 


Voa Address Input Clamp Voltage 


Ves Chip Select Input Clamp 
Voltage 
VoL Output Low Voltage | | 


Vec=4.5V, loL=15mA 
Vcc=5.5V, Vcoe=5.5V 


mA Vec= 5.5V, Vao-V ag=OV, 
CS4=CS2=Vin 


IcEx 3605A Output Leakage Current 


lec Power Supply Current 


Vin Input “Low” Voltage 


Vin Input “High” Voltage 


3625, 3625-2 ONLY 


Output Leakage for High 
Impedance Stage 
Output Short Circuit Current 


Output High Voltage 


NOTES: 1, Unmeasured outputs are open during this test. 


Test Conditions 
Vo=5.5V or 0.45V, 
Vec=5.5V, CS,=CS2=2.4V 
Vo = OV 


lon = -2.4mA, Voc = 4.5V 
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3065A, 3625A FAMILIES 


A.C. Characteristics vec = +5v +10%, Ta = 0°C to +75°C 


| Max. Limits _| 
oT 1 3605A 
Parameter 3625A-1 3625A 


Conditions 


tare ta. 
At  TA-+ 
to select the 
Chip Select to Output Dey [30 [| 30 | | prom, 


[Chip Select 10 Output Belay | 30 | 30 | we 


Capacitance’ 1, = 25°c, f= 1 MHz 


LIMITS 
PARAMETER UNIT 
TYP. | MAX. 
‘Address Input/Capacitance fs fe | - | 


Chip-Select Input Capacitance 


Output Capacitance 


NOTE 1: This parameter is only periodically sampled and is not 100% tested. 


Switching Characteristics 


SYMBOL TEST CONDITIONS 


Cins 


Conditions of Test: 15mA TEST LOAD Vee 

Input pulse amplitudes - 2.5V 

Input pulse rise and fall times of 3002 
5 nanoseconds between 1 volt and 2 volts 

Speed measurements are made at 1.5 volt levels 30pF 6002 


Output loading is 15 mA and 30 pF 
Frequency of test - 2.5 MHz = 


Waveforms 


ADDRESS TO OUTPUT DELAY CHIP SELECT TO OUTPUT DELAY 


ADDRESS 
INPUT 


OUTPUT 


OUTPUT 
OUTPUT 


te 


tase 
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MODEL 220 
INTELLEC® SERIES II 
MICROCOMPUTER DEVELOPMENT SYSTEM 


Complete Microcomputer Development System in 
one package for MCS-80, MCS-85 and MCS-48 
microprocessor families 


Integral CRT with detachable upper/lower case 
“typewriter” style full ASCII keyboard 


Integral 250K-byte floppy disk with total storage 
capacity expandable to over 2M bytes 


Single LSI electronics board with CPU, 32K bytes 
RAM memory and 4K bytes ROM memory 


Built-in interfaces for High-Speed Paper Tape 
Reader/Punch, Printer and Universal PROM Pro- 
grammer 


Eight-level nested, maskable priority interrupt sys- 
tem 


Powerful ISIS-II Diskette Operating System with 
Relocating Macro Assembler, Linker and Locater 


Self-Test Diagnostic capability 


Standard MULTIBUS with multiprocessor and 
DMA capability 


Compatible with standard Intellec/iSBC Expan- 
sion Modules 


Software compatible with previous Intellec Sys- 
tems 


The Intellec Series || Model 220 is a complete microcomputer development system integrated into one compact 
package. It includes a CPU with 32K bytes of RAM memory, 4K bytes of ROM memory, a 2000-character CRT, detach- 
able full ASCII keyboard with cursor controls and upper/lower case capability, and a 250K-byte floppy diskette drive. 


Powerful ISIS-II Diskette Operating System software allows the Model 220 to be used quickly and efficiently for as- 
sembly and debugging of programs for Intel’s MCS-80, MCS-85 or MCS-48 microprocessor families without the need 
for handling paper tape. ISIS-II performs all file handling operations for the user, leaving him free to concentrate on the 
details of his own application. When used in conjunction with an optional in-circuit emulator (ICE™) module, the 
Model 220 provides all the hardware and software development tools necessary for the rapid development of a micro- 


computer based product. 
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MODEL 220 HARDWARE DESCRIPTION 


The Intellec Series I! Model 220 is a packaged, highly 
integrated microcomputer development system con- 
sisting of a CRT chassis with 6-slot cardcage, power 
supply, fans, cables, single floppy diskette drive and 
two printed circuit cards. A separate, full ASCII 
keyboard is connected with a cable. The master CPU 
card contains its own microprocessor, memory, I/O, in- 
terrupt and bus interface circuitry, fashioned from In- 
tel's high-technology LSI components. Known as the in- 
tegrated processor board (IPB), it occupies the first slot 
in the cardcage. A second, slave CPU card, is responsi- 
ble for all remaining I/O control, including the CRT and 
keyboard interface and floppy disk control. This card, 
mounted on the rear panel, also contains its own micro- 
processor, RAM and ROM memory and I/O interface, 
thus in effect creating a dual processor environment. 
Known as the I/O controller (IOC), the slave CPU card 
communicates with the IPB over an 8-bit bidirectional 
data bus, thus leaving the remaining 5 slots in the card- 
cage available for system expansion. 


The heart of the IPB is an Intel NMOS 8-bit microproces- 
sor, the 8080A-2, running at 2.6 MHz. 32K bytes of RAM 
memory are provided on the board using Intel 16K 
RAMs. 4K of ROM is provided, preprogrammed with 
system bootstrap, ‘‘self-test” diagnostics and the Intel- 
lec Series !1 System Monitor. The 8-level vectored prior- 
ity interrupt system allows interrupts to be individually 
masked. Using Intel's versatile 8259 interrupt controller, 
the interrupt system may be user-programmed to re- 
spond to individual needs. 


The I/O subsystem in the Model 220 consists of two 
parts: the IOC card and two serial channels on the IPB 
itself. Each serial channel is RS232 compatible and is 
capable of running asynchronously from 110 to 9600 
baud or synchronously from 150 to 56K baud. Both may 
be connected to a user-defined data set or data terminal. 
One channel contains current loop adapters. Both chan- 
nels are implemented using Intel's 8251 USART. They 
can be programmatically selected to perform a variety of 
VO functions. Baud rate selection is accomplished pro- 
grammatically through an Intel 8253 Interval Timer. The 
8253 also serves as a real-time clock for the entire 
system. I/O activity through both serial channels is 
signaled to the system through a second 8259 interrupt 
controller, operating in a polled mode, nested to the 
primary 8259. 


The remainder of system I/O activity takes place in the 
1OC. The IOC provides interfaces for the CRT, keyboard, 
integral floppy disk and standard Intellec peripherals, in- 
cluding printer, high-speed paper tape reader/punch and 
Universal PROM Programmer.The IOC contains its own 
Independent microprocessor, also an 8080A-2. This CPU 
controls all I/O operations, as well as supervising com- 
munications with the IPB. 8K bytes of ROM contain all 
1/0 control firmware. 8K bytes of RAM are used for CRT 
screen refresh storage and the floppy disk buffer. These 
do not occupy any space in Intellec Series II main 
memory since the IOC is a totally independent micro- 
computer subsystem. 
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The CRT Is a 12-inch raster scan-type monitor with a 
50/60 Hz vertical scan rate and 15.5 kHz horizontal scan 
tate. Controls are provided for brightness and contrast 
adjustments. The interface to the CRT is provided 
through an Intel 8275 single-chip, programmabie CRT 
controller. The master processor on the IPB transfers a 
character for display to the 1OC, where it is stored in 
RAM. The CRT controller reads a line at a time into its 
line buffer through an Intel 8257 DMA Controller and 
then feeds one character at a time to the character gen- 
erator to produce the video signal. Timing for the CRT 
control is provided by an Intel 8253 Interval Timer. The 
screen display is formatted as 25 rows of 80 characters. 
The full set of ASCII characters are displayed, including 
lower-case alphas. 


The keyboard interfaces directly to the 1OC processor 
via an 8-bit data bus. The keyboard contains an Intel 
UPI-41 Universal Peripheral Interface which scans the 
keyboard, encodes the characters and buffers the char- 
acters to provide N-key rollover. The keyboard itself isa 
high quality typewriter-style keyboard containing the 
full ASCII character set. An upper/lower case switch 
allows the system to be used for document preparation. 
Cursor control keys are also provided. 


The floppy disk drive is controlled by an Intel 8271 
single-chip, programmable floppy disk controller. It 
transfers data via an Intel 8257 DMA Controller between 
an \OC RAM buffer and the diskette. The 8271 handles 
reading and writing of data, formatting diskettes and 
reading status, all upon appropriate commands from the 
10C microprocessor. 


A UPI-41 Universal Peripheral Interface on the IOC board 
performs similar functions to the UPI-41 on the PIO 
board in the Model 210. It provides interface for other 
standard Intellec peripherals, including: 

e Printer 

¢ High-Speed Paper Tape Reader 

¢ High-Speed Paper Tape Punch 

¢ Universal PROM Programmer 


Communication between the IPB and IOC is maintained 
over a separate, 8-bit bidirectional data bus. Connectors 
for the devices named above, as well as the two serial 
channels, are mounted directly on the IOC itself. 


User control is maintained through a front panel con- 
sisting of a power switch and indicator, reset/boot 
switch, run/halt light, and 8 interrupt switches and indi- 
cators. The front-panel circuit board is attached directly 
to the IPB, allowing the 8 interrupt switches to connect 
to the primary 8259, as well as the Intellec Series II Bus. 


All Intellec Series I| models implement the industry: 
standard MULTIBUS. It enables several bus masters, 
such as CPU and DMA devices, to share the bus and 
memory by operating at different priority levels. Resolu- 
tion of bus exchanges is synchronized by a bus clock 
signal which is derived independently from processor 
clocks. Read/write transfers may take place at rates up 
to 5 MHz. The bus structure is suitable for use with any 
Intel microcomputer family. 


The Model 220 may be expanded to 64K of RAM and up 
to 2% million bytes of on-line diskette storage. 
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0778 
SYSTEM 
CONTROLLER 


FLOPPY 
CONTROLLER 


WO CONTROLLER (IOC) 


SPECIFICATIONS 
PHYSICAL 
Dimensions: 19.13” (48.59 cm) deep x 17.37” (44.12 


cm) wide x 15.81" (40.16 cm) high 


Weight: 86 Ib (39 kg) 

Keyboard: 9” (22 cm) deep x 17.37” (44.12 cm) 
wide x 3.0" (7.62 cm) high 

Weight: 6 Ib (3 kg) 

ELECTRICAL 


OC Power Supply: 


Volts Amps Typical 
Supplied Supplied System Requirements 


+5 +5% 


+12 +5% 


12 +5% 
10 +5% 
+15 45% 
+24 +5% 
“Not available on bus. 


AC Requirements: 50-60 Hz, 115/230 VAC 


ENVIRONMENTAL’ 
Operating Temperature: 0° to 35°C (95°F) 


HOST PROCESSOR (IPB) 

8080A-2 based, operating at 2.600 MHz. 

RAM: 32K, expandable to 64K with SBC-032 RAM 
boards (System Monitor occupies 62K through 
64K). 


ROM: 4K (2K in monitor, 2K in boot/diagnostic). 
Bus: MULTIBUS, maximum transfer rate of 5 MHz. 
Clocks: Host Processor, crystal controlled at 2.6 MHz. 
Bus Clock, crystal controlled at 9.8304 MHz. 
VO Interfaces: 
2 Serial I/O Channels, RS232C, at 110-9600 baud 
(asynchronous) or 150-56K baud (synchronous). Baud 
rates and serlal format fully programmable using Intel 
8251 USARTs. Serial Channel 1 additionally provided 
with 20 mA current loop. 
Parallel /O interfaces provided for paper tape punch, 
paper tape reader, printer, and Universal PROM Pro- 
grammer. 
Interrupts: 
8-level, maskable, nested priority Interrupt network 
Initiated from front panel or user-selected devces. 
Direct Memory Access (DMA): 
Standard capability on MULTIBUS; implemented for 
user-selected DMA devices through optional DMA 
module — maximum transfer rate of 2 MHz. 
Memory Access Time: 
RAM: 585 ns 
PROM: 450 ns 
Diskette System Capacity: 250K bytes (Formatted) 
Diskette Performance: 
Diskette System Transfer Rate: 160K bits/sec. 
Diskette System Access Time: 
Track-to-Track: 10 ms 
Average Random Positioning: 260 ms 
Rotational Speed: 360 rpm 
Average Rotational Latency: 83 ms 
Recording Mode: FM 


MODEL 220 


EQUIPMENT SUPPLIED 


Model 220 Chassis Installation and Service Guide (9800559) 
Integrated Processor Board (IPB) ISIS-II System User's Guide (9800306) 
VO Controller Board (lOC) Hardware Reference Manual (9800556) 
CRT and Keyboard Hardware Interface Manual (9800555) 
250K-byte Floppy Disk Drive 8080/8085 Assembly Language Programming 
ROM Resident System Monitor Manual (9800301) 
ISIS-II System Diskette with MCS-80/MCS-85 ISIS-II 8080/8085 Assembler Operator’s Manual 
Macro Assembler (9800692) 
A Guide to Microcomputer Development Systems Monitor Source Listing (9800605) 
(9800558) Schematic Drawings (9800554) 
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MODEL 230 
INTELLEC® SERIES II 
MICROCOMPUTER DEVELOPMENT SYSTEM 


Complete Microcomputer Development Center for 
Intel MCS-80, MCS-85 and MCS.-48 microproces- 
sor families 


Integral CRT with detachable upper/lower case 
“typewriter-style ” full ASCII keyboard 


Powerful ISIS-II Diskette Operating System Soft- 
ware with Relocating Macro Assembler, Linker 
and Locater 


“Self-Test” Diagnostic capability 


Standard MULTIBUS with multiprocessor and 


DMA capability 
64K bytes RAM memory 

Eight-level nested, maskable priority interrupt sys- 
1 million bytes (expandable to 2.5M bytes) of disk- tem j 


ette storage 
Compatible with standard Intellec/iSBC Expan- 


LSI electronics board with CPU, RAM, ROM, 10 —- Sion Modules 


and interrupt circuitry Software compatible with previous Intellec Sys- 


tems 
Built-in interfaces for High-Speed Paper Tape 
Reader/Punch, Printer and Universal PROM Pro- Supports PL/M and FORTRAN high level 
grammer languages 


The Intellec Series Il Model 230 Microcomputer Development System is a complete center for the development of 
microcomputer-based products. It includes a CPU, 64K bytes of RAM, 4K bytes of ROM memory, a 2000-character CRT, 
detachable full ASCII keyboard and dual double-density diskette drives providing over 1 million bytes of on-line data 
storage. 

Powerful ISIS-II Diskette Operating System software allows the Model 230 to be used quickly and efficiently for 
assembly and/or compilation and debugging of programs for Intel's MCS-80, MCS-85 or MCS-48 microprocessor 
families without the need for handling paper tape. ISIS-II performs all file handling operations for the user, leaving him 
free to concentrate on the details of his own application. When used in conjunction with an optional in-circuit 
emulator (ICE ") module, the Model 230 provides all the hardware and software development tools necessary for the 
rapid development of a microcomputer-based product. 
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MODEL 230 


MODEL 230 HARDWARE DESCRIPTION 


The Intellec Series II] Model 230 is a packaged, highly in- 
tegrated microcomputer development system consist- 
ing of a CRT chassis with 6-slot cardcage, power supply, 
fans, cables, and five printed circuit cards. A separate, 
full ASCII keyboard is connected with a cable. A second 
chassis contains two floppy disk drives capable of 
double-density operation along with a separate power 
supply, fans and cables for connection to the main 
chassis. 


The master CPU card contains its own microprocessor, 
memory, I/O, interrupt and bus interface circuitry fash- 
ioned from Intel's high technology LS! components. 
Known as the integrated processor board (IPB), it occu- 
pies the first slot in the cardcage. A second slave CPU 
card is responsible for all remaining W/O control includ- 
ing the CRT and keyboard interface. This card, mounted 
on the rear panel, also contains its own microprocessor, 
RAM and ROM memory, and I/O interface logic, thus, in 
effect, creating a dual processor environment. Known 
as the W/O controller (lOC), the slave CPU card com- 
municates with the IPB over an 8-bit bidirectional data 
bus. In addition, 32K bytes of RAM (bringing the total to 
64K bytes) is located on a separate card in the main 
cardcage. Fabricated from Intel's 16K RAMs, the board 
also contains all necessary address decoding and 
refresh logic. Two additional boards in the cardcage are 
used to control the two double-density floppy disk 
drives. Two remaining slots in the cardcage are 
available for system expansion. Additional expansion of 
4 slots can be achieved through the addition of an In- 
tellec Series Il Expansion Chassis. 


The heart of the IPB Is an Intel NMOS 8-bit microproces- 
sor, the 8080A-2, running at 2.6 MHz. 32K bytes of RAM 
memory are provided on the board using Intel 16K 
RAMs. 4K of ROM is provided, preprogrammed with 
system bootstrap, ‘self-test’ diagnostics and the 
Intellec Series Il System Monitor. The 8-level vectored 
priority interrupt system allows interrupts to be in- 
dividually masked. Using Intel’s versatile 8259 Interrupt 
Controller, the interrupt system may be user pro- 
grammed to respond to individual needs. 


The W/O subsystem in the Model 230 consists of two 
parts: the l|OC card and two serial channels on the IPB 
itself. Each serial channel is RS232 compatible and is 
capable of running asynchronously from 110 to 9600 
baud or synchronously from 150 to 56K baud. Both may 
be connected to a user-defined data set or terminal. One 
channel contains current loop adapters. Both channels 
are implemented using Intel's 8251 USART. They can be 
programmatically selected to perform a variety of /O 
functions. Baud rate selection is accomplished pro- 
grammatically through an Intel 8253 Interval Timer. The 
8253 also serves as a real-time clock for the entire sys- 
tem. I/O activity through both serial channels Is signaled 
to the system through a second 8259 Interrupt con- 
troller, operating in a polled mode nested to the primary 
8259. 


The remainder of system I/O activity takes place in the 
IOC. The IOC provides interface for the CRT, keyboard, 
and standard Intellec peripherals including printer, high- 


speed paper tape reader/punch and Universal PROM 
Programmer. The IOC contains its own independent 
microprocessor, also an 8080A-2. The CPU controls all 
VO operations as well as supervising communications 
with the IPB. 8K bytes of ROM contain all I/O control 
firmware. 8K bytes of RAM are used for CRT screen 
refresh storage. These do not occupy space in Intellec 
Series Il main memory since the IOC is a totally inde- 
pendent microcomputer subsystem. 


The CRT is a 12-inch raster scan type monitor witha 
50/60 Hz vertical scan rate and 15.5 kHz horizontal scan 
rate. Controls are provided for brightness and contrast 
adjustments. The interface to the CRT is provided 
through an Intel 8275 Single Chip Programmable CAT 
Controller. The master processor on the IPB transfers a 
character for display to the IOC, where it is stored in 
RAM. The CRT controller reads a line at a time into its 
line buffer through an Intel 8257 DMA Controller and 
then feeds one character at a time to the character 
generator to produce the video signal. Timing for the 
CRT control is provided by an Intel 8253 Interval Timer. 
The screen display is formatted as 25 rows of 80 charac- 
ters. The full set of ASCII characters are displayed, in- 
cluding lower case alphas. 


The keyboard interfaces directly to the |OC processor 
via an 8-bit data bus. The keyboard contains an Intel 
UPI-41 Universal Peripheral Interface which scans the 
keyboard, encodes the characters and buffers the 
characters to provide N-key rollover. The keyboard itself 
is a high quality typewriter style keyboard containing 
the full ASCII character set. An upper/lower case switch 
allows the system to be used for document preparation. 
Cursor control keys are also provided. 


A UPI-41 Universal Peripheral Interface on the IOC board 
performs similar functions to the UPI-41 on the PIO 
board in the Model 210. It provides interface for other 
standard Intellec peripherals including: 


Printer : 
High-Speed Paper Tape Reader 
High-Speed Paper Tape Punch 
Universal PROM Programmer 


Communication between the IPB and IOC is maintained 
over a separate 8-bit bidirectional data bus. Connectors 
for the 4 devices named above, as well as the two serial 
channels, are mounted directly on the IOC itself. 


User control Is maintained through a front panel, 
consisting of a power switch and indicator, reset/boot 
switch, run/halt light and 8 interrupt switches and 
indicators. The front panel circuit board is attached 
directly to the IPB, allowing the 8 Interrupt switches to 
connect to the primary 8259, as well as the Intellec 
Series Il Bus. 


The Intellec Series I! double-density diskette system 
provides direct access bulk storage, intelligent con- 
troller, and two diskette drives. Each drive provides 1/2 
million bytes of storage with a data transfer rate of 
500,000 bits/second. The controller is implemented with 
Intel's powerful Series 3000 Bipolar Microcomputer Set. 
The controller provides an interface to the Intellec 
Series II system bus, as well as supporting up to four 
diskette drives. The diskette system records all data In 
soft sector format. 


MODEL 230 


The diskette controller consists of two boards, the 
Channel Board and the Interface Board. These two PC 
boards reside in the Intellec Series Il system chassis 
and constitute the diskette controller. 


The Channel Board receives, decodes and responds to 
channel commands from the 8080A-2 CPU in the Model 
230. The Interface Board provides the diskette con- 
troller with a means of communication with the diskette 
drives and with the Intellec system bus. The Interface 
Board validates data during reads using a cyclic redun- 
dancy check (CRC) polynomial and generates CRC data 
during write operations. When the diskette controller 
fequires access to Intellec system memory, the Inter- 
face Board requests and maintains DMA master control 
of the system bus, and generates the appropriate 
memory command. The Interface Board also acknowl- 
edges I/O commands as required by the Intellec bus. 


SPECIFICATIONS 


PHYSICAL 

Dimensions: 19.13” (48.59 cm) deep x 17.37” (44.12 
cm) wide x 15.81" (40.16 cm) high 

Weight: 73 Ib (33 Kg) 

Keyboard: 9” (22.86 cm) deep x 17.37" (44.12 cm) 
wide x 3.0" (7.62 cm) high 

Weight: 6 Ib (3 Kg) 

Dual Drive 19.0" (48.26 cm) deep = 16.88” (42.88 

Chassis: cm) wide x 12.08" (30.68 cm) high 
Weight: 64 Ib (29 Kg) 
ELECTRICAL 


OC Power Supply: 


Volts Amps Typical 
Supplied Supplied System Requirements 
+5 +5% f 
+12 25% 


12 25% 
-10 +5% 
+15 5% 
+24 +5% 
“Not available on bus. 


AC Requirements: 50/60 Hz, 115/230 VAC 


ENVIRONMENTAL 
Operating Temperature: 0° to 35°C (95°F) 


HOST PROCESSOR (IPB) 
RAM: 64K (System Monitor occuples 62K through 64K). 
ROM: 4K (2K in monitor, 2K in boot/diagnostic). 
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The diskette system is capable of performing seven 
different operations: recalibrate, seek, format track, 
write data, write deleted data, read data, and verify CRC. 


In addition to supporting a second set of double-density 
drives, the diskette controller may co-reside with the 
Intel single density controller to allow up to 2.5 million 
bytes of on-line storage. 


All Intellec Series If models implement the industry 
standard MULTIBUS. It enables several bus masters 
such as CPU and DMA devices to share the bus and 
memory by operating at different priority levels. Resolu- 
tion of bus exchanges is synchronized by a bus clock 
signal which is derived independently from processor 
clocks. Read/write transfers may take place at rates up 
to 5 MHz. The bus Structure is suitable for use with any 
Intel microcomputer family. 


Diskette System Capacity (Basic Two Drives): 
Unformatted 
Per Disk: 6.2 megabits 
Per Track: 82.0 kilobits 
Formatted 
Per Disk: 4.1 megabits 
Per Track: 53.2 kilobits 
Diskette Performance: 
Diskette System Transfer Rate: 500 kilobits/sec 
Diskette System Access Time 
Track-to-Track: 10 ms 
Head Settling Time: 10 ms 
Average Random Positioning Time: 260 ms 
Rotational Speed: 360 rpm 
Average Rotational Latency: 83 ms 
Recording Mode: M@FM 


EQUIPMENT SUPPLIED 


Model 230 Chassis 

Integrated Processor Board (IPB) 

VO Controller Board (IOC) 

32K RAM Board 

CRT and Keyboard 

Double-Density Floppy Disk Controller (2 boards) 

Dual-Drive Floppy Disk Chassis and Cables 

2 Floppy Disk Drives (512K byte capacity each) 

ROM-Resident System Monitor 

ISIS-II System Diskette with MCS-80/MCS-85 Macro 
Assembler 

A Guide to Microcomputer Development Systems 
(9800558) 

Installation and Service Guide (9800550) 

ISIS-I] System User's Guide (9800306) 

Hardware Reference Manual (9800556) 

Hardware Interface Manual (9800555) 

8080/8085 Assembly Language Programming 
Manual (9800301) 

ISIS-I1 8080/8085 Assembler Operator's 
Manual (9800292) 

Monitor Source Listing (9800605) 

Schematic Drawings (9800554) 


intel ISIS-II 


DISKETTE OPERATING SYSTEM 
MICROCOMPUTER DEVELOPMENT SYSTEM 


Supports up to four double density drives and two Command file facility allows console commands 


single density drives, providing up to 2.5 Mega- to be submitted from a diskette file 

bytes of storage in one system with up to 200 files 

per diskette Diskette system text editor provides string 
search, substitution, insertions, and deletion 


Supports resident, high level programming lan- 


guages, PL/M and FORTRAN Sonninnians 
Relocating MCS-80/MCS-85 macro assembler con- Diskette operating system functions are callable 
tains extended macro and conditional assembly from user programs 


capability 

Access to all Intellec monitor facilities provided 
Linker automatically combines separately as- 
sembled or compiled programs into a single 


relocatable module Dynamic allocation and de-allocation of diskette 


sectors for variable length files 


Library Manager™ creates and updates program 
libraries Supports all standard Intellec peripherals 


The ISIS-II Diskette Operating System is a sophisticated, general purpose, high-speed data handler and file manipula- 
tion system. It provides the ability to edit, assemble, compile, link, relocate, execute and debug programs, and per- 
forms all file management tasks for the user. 


The ISIS-II operating system resides on the system diskette and supports a broad range of user-oriented design aid 
software, Total file management and input editing features greatly reduce software development time. The ISIS-II 
Relocating Macro Assembler, Linker, Object Locator and Library Manager can be loaded from the diskette in seconds. 
All passes of the assembler can be executed without the need for user intervention. Object code and listings may be 
directed to any output device, or stored as diskette files. 


Powerful system console commands are provided in an easy-to-use context. Monitor mode can be entered by a special 
prefix to any system command or program call. 
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ISIS-II DISKETTE OPERATING SYSTEM 


ISIS-II FILES 


A file is a user-defined collection of information of 
variable length. ISIS-II also treats each of the standard 
Intellec® system peripherals as files through pre- 
assignment of unique file names to each device. In this 
manner data can be copied from one device to another 
(i.e., tape reader to tape punch) using the same 
command required to copy one diskette data file to 
another. ISIS-II provides automatic implementation of 
random access disk files. Each file is identified by a 
user-chosen name unique on its diskette. Up to 200 files 
may be stored on each diskette. 


ISIS-Il SYSTEM COMMANDS 


ISIS-II system commands are designed to provide the 
user with a powerful, easy-to-use program and file 
manipulation capability. Several commands have the 
capability of operating on several files at once via the 
wildcard file-naming convention. As an example, the 
command “DELETE *.OBJ” deletes all files in the 
diskette directory with the suffix “.OBJ”. 


Initializes a diskette for use by the 
system. Requires only one disk drive. 


Assigns specified attributes to a file, 
such as write-protect. 


Creates copies of existing diskette files 
or transfers files from one device to 
another. 


DELETE Removes a file from the diskette, thereby 


freeing space for allocation of other files. 


DIR Lists name, size and attributes of files 


from a specified diskette directory. 


RENAME Allows diskette files to be renamed. 


FORMAT Initializes a diskette for use by the 


system. (Use with two or more drives.) 


DEBUG Loads a specified program from a 
diskette into memory and then transfers 
control to the Intellec monitor for execu- 


tlon and or debugging. 
SUBMIT 


Provides the capability to execute a 
series of ISIS-Il commands which have 
been previously written to a diskette file. 


ISIS-Il SYSTEM CALL CAPABILITY 


The DELETE, RENAME and ATTRIB system commands, 
along with a set of file I/O routines, are callable from 
user-written programs. This allows the user to open, 
close, read and write diskette files, access standard 
peripheral devices, write error messages and load other 
programs via simple program call statements. 
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ISIS-I TEXT EDITOR 


The ISIS-II Text Editor is a comprehensive tool for the 
entry and correction of assembly language, PLU/M and 
FORTRAN programs for Intel® microcomputers. Its 
command set allows manipulation of either entire lines 
of text or individual characters within a line. 


Programs may be entered from the console keyboard or 
may be loaded directly. Text is stored internally in the 
editor's workspace, and may be edited with the follow- 
ing commands: 


* string insertion or deletion 
¢ string search 
* string substitution 


To facilitate the use of these editing commands, utility 
commands are used to change positions in the 
workspace. These include: 


* move pointer by line or by character 
* move pointer to start of workspace 
* move pointer to end of workspace 


The contents of the workspace are stored on diskette 
and can be immediately accessed by ISIS-II commands 
or other programs, such as the ISIS-I| MCS-80/MCS-85 
Macro Assembler. 


ISIS-I] MCS-80/MCS-85 RELOCATING 
MACRO ASSEMBLER 


The ISIS-I1 MCS-80/MCS-85 Macro Assembler translates 
assembly language mnemonics into relocatable and/or 
absolute object code modules. In addition to elimi- 
nating the errors of hand translation, the ability to refer 
to program addresses with symbolic names makes it 
easy to modify programs by adding or deleting instruc- 
tions. Extended macro capability eliminates the need to 
rewrite similar sections of code repeatedly and simpli- 
fies program documentation. Conditional assembly per- 
mits the assembler to include or delete sections of code 
which may vary from system to system, such as the 
code required to handle optional external devices. 


In addition, the user Is allowed complete freedom in 


assigning the location of code, data and stack seg- 
ments. 


The IS!S-I| Assembler accepts diskette file input and 
produces a relocatable object file with corresponding 
symbol table and assembly listing file, including any 
error messages. A cross reference listing is also option- 
ally produced. The list file may then be examined from 
the system console or copied to a specified list device. 


The relocatable object file generated by the assembler 
may be combined with other object programs residing 
on the diskette to form a single relocatable object mod- 
ule or It can be converted to an absolute form for subse- 
quent loading and execution. 


ISIS-II DISKETTE OPERATING SYSTEM 


ISIS-I] LINKER 


The ISIS-Il LINKER provides the capability to combine 
the outputs of several independently compiled or 
assembled object modules (files) into a single relocat- 
able object module. The LINKER automatically resolves 
all external program and data references during the link- 
ing process. 


Object modules produced from previous link operations 
may be easily linked to a new module. ISIS-II also pro- 
vides facilities to ease the generation of overlays. 


An optional link map showing the contents and lengths 
of each segment in the output module can be requested. 
All unsatisfied external references are also listed. 


If requested by the user, the ISIS-II LINKER can search a 
specified set of program libraries for routines to be in- 
Cluded in the output module. 


ISIS-I| OBJECT LOCATOR 


The ISIS-I| LOCATE program takes output from either 
the resident FORTRAN or PL/M compilers, the macro 


assembler or the LINKER and transforms that output 
from a relocatable format to an absolute format which 
may then be loaded via the standard ISIS-II loader, or 
loaded into the appropriate In-Circuit Emulator (ICE) 
module. 


During the LOCATE process, code, data and stack seg- 
ments can be separately relocated, allowing code to be 
put in areas to be subsequently specified as ROM, while 
data and the stack can he directed to RAM addresses. 


A LOCATE map showing absolute addresses for each 
code and data segment and a symbol table dump listing 
symbols, attributes and absolute address can also be re- 
quested. 


ISIS-Il LIBRARY MANAGER 


The ISIS-II LIBRARY MANAGER program provides for 
the creation and maintenance of a program library con- 
taining Intel-provided and user-written programs and 
subroutines. These library routines can be linked to a 
program using the ISIS-Il LINKER. Several libraries, 
each containing its own set of routines, can be created. 
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PL/M-80 


HIGH LEVEL PROGRAMMING LANGUAGE 
INTELLEC® RESIDENT COMPILER 


Cuts software development and maintenance Produces relocatable and linkable object code 
costs 


Resident operation on Intellec® Microcomputer 
Development System and Intellec® Series Il 


Speeds project completion 


Improves product reliability Microcomputer Development Systems 
Eases enhancements as system capabilities ex- Sophisticated code optimization reduces applica- 
pand tion memory requirements 


PUM-80 is an advanced, high-level programming language for Intel® 8080 and 8085 Microprocessors, iSBC-80 OEM 
Computer Systems and Intellec® Microcomputer Development Systems. PL/M has been substantially enhanced since 
its introduction in 1973 and has become one of the most effective and powerful microprocessor systems implementa- 
tion tools available. It is easy to learn, facilitates rapid program development and debugging, and significantly reduces 
maintenance costs. 


PUM is a powerful, high-level algorithmic language in which program statements can naturally express the algorithm 
to be programmed. This frees programmers to concentrate on their system development without having to deal with 
assembly language details (such as register allocation, meanings of assembler mnemonics, etc.). 


The PUM compiler efficiently converts free-form PL/M programs into equivalent 8080/8085 instructions. Substantially 
fewer PLM statements are necessary for a given application than if it were programmed at the assembly language or 
machine code level. 


Since PLM programs are problem oriented and more compact, programming in PLM results in a high degree of pro- 
ductivity during development efforts. This translates into significant reductions in software development and mainte- 
nance costs for the user. 


OousLe DENSITY 
FLEXIBLE DISK 
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PL/M-80 


FEATURES 


Major features of the Intel PL/M-80 Compiler and pro- 
gramming language include: 


° Resident operation on the Intellec® Microcomputer 
Devclopment System eliminates the need for a large 
in-house computer or costly timesharing system. 


* Generation of relocatable and linkable object code 
permits PL/M programs to be developed and debug- 
ged in small modules. These modules can be easily 
linked with other modules and/or library routines to 
form a complete application. 


e Extensive code optimization results in generation of 
short, efficient CPU instruction sequences. Major op- 
timizations include compile time arithmetic, con- 
stant subscript resolution, and common subexpres- 
sion elimination. 


e The PL/M Compiler fully supports symbolic debug- 
ging with the ICE-80™ and ICE-85™ In-Circuit Emula- 
tors. 


* Compile time options include general listing format 
commands, symbol table listing, cross reference 
listing, and “‘innerlist" of generated assembly lan- 
guage instructions. 


e Block structure aids in utilization of structured pro- 
gramming techniques. 


e¢ High level PLM statements provide access to hard- 
ware resources (interrupt systems, absolute ad- 
dresses, CPU input/output ports). 


¢ Complex data structures may be defined at a high 
level. 


e Re-entrant procedures may be specified as a user op- 
tion. 


BENEFITS 


PUM is designed to be an efficient, cost-effective solu- 
tion to the special requirements of microcomputer soft- 
ware development as illustrated by the following 
benefits of PUM use: 


¢ Low Learning effort — PL/M is very easy to learn even 
for the novice programmer. 


¢ Earlier Project Completion — Critical projects are 
completed much earlier than otherwise possible 
because PUM substantially increases programmer 
productivity. 


¢ Lower Development Cost — Increases in program- 
mer productivity translate into lower software 
development costs because less programming 
resources are required for a given function. 


¢ Increased Reliability — PL/M is designed to assist in 
the development of reliable software (PL/M programs 
are simple statements of the program algorithm). 
This substantially reduces the risk of costly correc: 
tion of errors in systems that have aleady reached full 
production status because a simply stated program 
is more likely to correctly perform its intended func- 
tion. 


¢ Easier Enhancements and Maintenance — Programs 
written in PLUM are easier to read and easier to 
understand. This means it is easier to enhance and 
maintain PUM programs as system capabilities ex- 
pand and future products are developed. 


¢ Simpler Project Development — The _Intellec® 
Microcomputer Development System, with resident 
PUM-80, is all that is needed for development and 
debugging of software for 8080 and 8085 microcom- 
puters. This reduces development time and cost 
because expensive (and remote) timesharing or large 
computers are not required. 
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The PLM Compller is an efficient multiphase compiler that accepts source programs, translates them into object 
code, and produces requested listings. After compilation, the object program may be linked to other modules, located 
to a specific area of memory, then executed. The diagram shown above illustrates a program development cycle where 
the program consists of three modules, one PLM, one Fortran, and the other assembly language. 
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PL/M-80 


PL/M-80 COMPILER FACTORIAL GENERATOR — PROCEDURE 


SOBJECT(:F1:FACT.OB2) 


SDEBUG 
SXREF 
STITLE(‘FACTORIAL GENERATOR — PROCEDURE’) 
SPAGEWIDTH(80) 
1 FACT: 
DO; 
2 1 DECLARE NUMCH BYTE PUBLIC; 
3 1 FACTORIAL: PROCEDURE (NUM,PTR) PUBLIC; 
4 2 DECLARE NUM BYTE, PTR ADDRESS; 
5 2 DECLARE DIGITS BASED PTR (161) BYTE; 
6 2 DECLARE (I,C,M) BYTE; 
7 2 NUMCH=1; DIGITS(1 1; 
9 2 DO M=1 TO NUM; 
10 3 C=0; 
11 3 DO I= 1 TO NUMCH; 
12 4 DIGITS(I) = DIGITS(I) *M + C; 
13 4 C = DIGITS(I)/10; 
14 4 DIGITS(1) = DIGITS(I) — 10 * C; 
15 4 END; 
16 3 IF C<>0 THEN 
17 3 DO; 
18 4 NUMCH = NUMCH#+1; DIGITS (NUMCH) = C; 
20 4 C = DIGITS(NUMCH)/10; 
21 4 DIGITS(NUMCH) = DIGITS(NUMCH) — 10 * C; 
22 4 END 
END; 
24 2 END FACTORIAL; 
25 1 END; 
a Se 
SPECIFICATIONS Required software 


ISIS-II Diskette Operating System 
Operating Environment: 
Required hardware 
Intellec® Microcomputer Development System 
65K bytes of memory 
Dual diskette drives 
System console — teletype 
Optional hardware 
CRT as system console Shipping Media: 
Line printer Diskette 


Documentation Package: 
PUM Programming Manual 
ISIS-I1 PLM-80 Compiler Operator's Manual 
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MICROCOMPUTER DEVELOPMENT SYSTEMS 


ICE-85™ 
MCS-85™ IN-CIRCUIT EMULATOR 


Connects the Intellec® System Resources to the 
user-configured system via a 40-pin adaptor plug 


Executes user system software in real-time 


Allows user-configured system to share Intellec® 
memory and I/O facilities 


Provides 1023 states of 8085 trace data plus 18 
additional logic signals via an External Trace Mod- 
ule 


Offers full symbolic debugging capability for both 
assembly language and Intel’s high-level compiler 
language, PL/M-80 


Displays trace data from the user’s 8085 in assem- 
bler mnemonics and allows personality groupings 
of data sampled by the external 18-channel trace 
module 


Extends ICE capabilities to the rest of the proto- 
type system peripheral circuitry by allowing the 
user to execute his own peripheral chip analysis 
routines 


Provides ability to examine and alter MCS-85™ 
registers, memory, flag values, interrupt bits and 
1/0 ports 


The ICE-85 module resides in the Intellec® Microcomputer Development System and interfaces to the user system’s 8085. In 
addition, an external trace module provides access to user system peripheral circuitry via a user-configured DIP clip for periph- 
eral ICs or may be attached to as many as 18 separate prototype signal nodes via individual probe clips. Using the ICE-85 
module, the designer can execute prototype software in real-time or single-step mode and can substitute Intellec® system 


memory and I/O for user system equivalent. ICE capability can be extended to the rest of the user system peripheral circuitry 
by allowing the user to create and execute a library of user-defined peripheral chip analyzer routines. All user access to the 
prototype system software may be done symbolically by assigning names to program locations and data, I/O ports and groups 
of external trace signals. For the first time, in-circuit emulation extends beyond the user’s prototype CPU to the entire user's 
system, allowing In-System Emulation. 
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MCS-85™ IN-CIRCUIT EMULATOR 


SYMBOLIC DEBUGGING CAPABILITY 


ICE-85 allows the user to make symbolic references to I/O 
ports, memory addresses and data in his program. Symbols 
and PL/M statement number may be substituted for numer- 
ic values in any of the ICE-85 commands. The user is re- 
lieved from looking up addresses of variables or program 
subroutines. 


The user symbol table generated along with the object file 
during a PL/M-80 compilation or by the ISIS-I1 8080/8085 
Macro Assembler is loaded into the Intellec® System mem- 
ory along with the user program which is to be emulated. 
The user may add to this symbol table any additional 
symbolic values for memory addresses, constants, or vari- 
ables that are found useful during system debugging. By 
referring to symbol memory addresses, the user can exam- 
ine, change or break at the intended location. 


ICE-85 provides symbolic definition of all 8085 registers, 
interrupt bits and flags. The following symbolic references 
are also provided for user convenience: TIMER, the low- 
order 16 bits of a register containing the number of 2 MHz 
clock pulses elapsed during emulation; HTIMER, the high- 
order 16 bits of the timer counter; PPC, the address of the 
last instruction emulated; BUFFERSIZE, the number of 
frames of valid trace data (between 0 and 1022). 


PERSONALITY GROUPED DISPLAYS 


Trace data in the 1023 by 42-channel real-time trace mem- 
ory buffer is displayed in easy to read format. The user has 
the option to specify trace data displays in actual 8085 
assembler instruction mnemonics. The data collected from 
the External Trace Module can be grouped and symbolic- 
ally named according to user specifications and displayed in 
the appropriate number base designation. Simple ICE-85 
commands allow the user to select any portion of the 42K- 
bit trace buffer for immediate display. 


MEMORY AND 1|/O MAPPING 


Memory and 1/O for the user system can be resident in the 
user system or “borrowed” from the Intellec® System 
through ICE-85’s mapping capability. 


ICE-85 separates user memory into 32 2K blocks. Each 
block of memory can be defined independently. The user 
may assign Intellec® System equivalents to take the place 
of devices not yet designed for the user system during pro- 
totyping. In addition, Intellec® System memory or I/O can 
be accessed in place of suspect user system devices during 
prototyping or production checkout. 


The user can also designate a block of memory or I/O as 
nonexistent. ICE-85 issues error messages when memory 
or 1/O designated as nonexistent is accessed by the user 
program. 
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INTEGRATED HARDWARE/SOF TWARE 
DEVELOPMENT 


The user prototype need consist of no more than an 8085 
CPU socket and a user bus to begin integration of software 
and hardware development efforts. Through ICE-85 map- 
ping capabilities, Intellec® System equivalents can be 
accessed for missing prototype hardware. Hardware designs 
can be tested using the system software which will drive the 
final product. 


The system integration phase, which can be so costly when 
attempting to mesh completed hardware and software 
products, becomes a convenient two-way debug tool when 
begun early in the design cycle. 


TYPICAL ICE INTERROGATION AND 
UTILITY COMMANDS 


DISPLAY/ Display/Changes the values of symbols and 


CHANGE the contents of 8085 registers, pseudo- 
registers, status flags, interrupt bits, 1/O ports 
and memory. 

EVALU- Displays the value of an expression in the 

ATE binary, octal, decimal or hexadecimal. 

SEARCH _ Searches user memory between locations in a 
user program for specified contents. 

CALL Emulates a procedure starting at a specified 
memory address in user memory. 

ICALL Executes a user-supplied procedure starting at 
a specified memory address in the Intellec® 
System memory. 

EXECUTE Saves emulated program registers and emu- 


lates a user-supplied subroutine to access 
peripheral chips in the user’s system. 


MCS-85™ IN-CIRCUIT EMULATOR 


REAL TIME TRACE 


ICE-85 captures valuable trace information from the emu- 
lating CPU and the External Trace Module while the user is 
executing programs in real time. The 8085 status, the user 
memory or port addressed, the data read or written, the 
serial data lines and data from 18 external signals, is stored 
for the last 1023 machine states executed (511 machine 
cycles). This provides ample data for determining how the 
user system was reacting prior to emulation break. It is 
available whether the break was user-initiated or the result 
of an error condition. 


For detailed information on the actions of CPU registers, 
flags, or other system operations, the user may operate in 
single or multi-step sequences tailored to system debug 
needs. 


EMULATION CONTROLS AND COMMANDS 
GROUP 


Defines into a symbolically named group, a 
channel or combination of channels from the 
8085 Microcprocessor and/or the External 
Trace Module. 


GO Initiates real-time emulation and controls 


emulation break conditions. 


STEP Initiates emulation in single instruction steps. 
User may specify the type and amount of 
information displayed following each step, 
and define conditions under which stepping 


should continue. 


PRINT Prints the user-specified portion of the trace 


memory to the selected list device. 


EXTERNAL TRACE MODULE 


TTL level signals from 18 points in the user system may be 
synchronously sampled by the External Trace Module and 
collected in ICE-85’s trace buffer. The signals can be col- 
lected from a single peripheral chip via the supplied 40-pin 
DIP clip or may be placed by the user on up to 18 separate 
signal nodes using the supplied 18 individual probe clips. 
These signals are included in the 42-channel breakpoint 
comparisons and clock qualifiers. Also, data from these 
18 channels may be displayed in each to read, user-defined 
groupings. 


SYNCHRONOUS OPERATION WITH OTHER DESIGN 
AIDS 


ICE-85 can be synchronized with other Intellec® design 
aids by means of two external synchronization lines. These 
lines are used to enable and disable ICE-85 trace data 
collection and to cause break conditions based on an 
external signal which may not be included in the ICE-85 
breakpoint registers. In addition, ICE-85 can generate sig- 
nals on these lines which may be used to control other 
design aids. 


BREAK REGISTERS/TRACE MEMORY 


ICE-85 has two breakpoint registers which are used to 
break emulation, and two trace qualifier registers which are 
used to control the collection of trace data during emula- 
tion. Each register is 42 entries wide, one entry for each 
channel and each entry can take any one of the three values 
0, 1 or “don’t care”. 


The trace buffer, also 42 entries wide, collects data sampled 
from 24 8085 processor channels and 18 external channels 
sampled by the External Trace Module. The signals col- 
lected from the 8085 include address lines, data lines, status 
lines and serial input and output lines. The 18 channels 
extending from the External Trace Module synchronously 
sample and collect into the trace buffer any user-specified 
TTL compatible signal from the rest of the prototype 
system. “Break” and “trace qualification’ may therefore 
occur as a result of a match of any combination of up to 42 
channels of CPU and external circuitry signals. 
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MCS-85™ IN-CIRCUIT EMULATOR 
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SPECIFICATIONS 

ICE-85 OPERATING ENVIRONMENT PHYSICAL CHARACTERISTICS 

Diskette-Based ICE-85 Software Printed Circuit Boards: 

Required Hardware: Width: 12.00 in. (30.48 cm) 
Intellec® Microcomputer Development System Height: 6.75 in. (17.15 cm) 
System Console Depth: ; 0.50 in. (1.27 cm) 
Intellec®-Diskette Operating System Packaged Weight: 6.00 1b (2.73 kg) 
ICE-85 Module 

Required Software: ELECTRICAL CHARACTERISTICS 
System Monitor 
ISIS-I DC Power 

Vec = +5V +5% 
EQUIPMENT SUPPLIED Icc = 12A maximum; 10A typical 
Vop = +12V +5% 

18-Channel External Trace Module Ipp = 80 mA maximum; 60 mA typical 

Printed Circuit Boards (2) Vap = -10V +5% 

Interface Cable and Emulation Buffer Module lap = 30mA maximum; 10 pA typical 


Operator’s Manual 
ICE-85 Software, Diskette-Based Version 
ENVIRONMENTAL CHARACTERISTICS 


EMULATION CLOCK Operating Temperature: 0° to 40°C 
User’s system clock or ICE-85 adaptor socket Operating Humidity: Up to 95% relative humidity with- 
(6.144 MHz Crystal) out condensation. 
INTELLEC BUS 
1CE-85 CONTROL BOARD 
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ICE-85 BLOCK DIAGRAM 


ORDERING INFORMATION 
Part Number Description 


MDS-85-ICE 8085 CPU In-Circuit Emulator and 
18-Channel External Trace Module 
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SDK-85 
MCS-85™ SYSTEM DESIGN KIT 


Complete Single Board Microcomputer Interactive LED Display and Keyboard 
System Including CPU, Memory and 1/0 Large Wire-Wrap area for Custom 
Easy to Assemble Kit-Form Interfaces 

High-Performance 3MHz 8085 CPU Extensive System Monitor Software in 
(1.3 us Instruction Cycle) ROM 

Popular 8080A Instruction Set Comprehensive Design Library Included 
Interfaces Directly With TTY Low Cost 


The MCS-85 System Design Kit (SDK-85) is a complete, single board, microcomputer system in kit form. It contains all 
necessary components, including LED Display, Keyboard, resistors, caps, crystal and miscellaneous hardware to 
complete construction. Included is a preprogrammed ROM that contains the system monitor for general software utilities 
and system diagnostics 


The SDK-85 includes 6 digit LED display and 24 key-keyboard for a direct insertion, examination and execution of auser's 
Program. In addition, it can be directly interfaced with a teletype terminal 


The SDK-85 is an inexpensive, high-performance prototype system that has designed-in flexibility for simple interface to 
tne user's application 
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General 


The SDK-85 is a complete 8085 microcomputer system on 
a single board, in kit form. It contains all necessary 
components to build a useful, functional system. Such 
items as resistors, caps, and sockets are included 
Assembly time varies from 3 to § hours, depending on the 
skill of the user. 


A compact but powerful system monitor is supplied with 
the SDK-85 to provide general software utilities and 
system diagnostics. It comes in a pre-programmed ROM. 


The SDK-85 communicates with the outside world 
through either the on-board LED Display/Keyboard 
combination or, the user's TTY terminal (Jumper 
Selectable). Both memory and I/O can be easily expanded 
by simply soldering in additional devices in locations 
provided for this purpose. A large area of the board (45sq. 
in.) is laid out as general purpose wire-wrap for the user's 
custom interfaces. 


Only a few simple tools are required for assembly; 
soldering iron, cutters, screwdriver, etc. The SDK-85 
User's Manual contains step-by-step instructions that 
make assembly easy, and eliminate mistakes. Once 
construction is complete, the user connects his kit to a 
power supply and the SDK-85 is ready to go. The monitor 
Starts immediately upon power-on or reset. 


Keyboard Monitor Commands 


e Reset — Starts the monitor 

e GO — allows you to execute a user program 

Single Step — allows you to execute a user program one 
instruction at a time — useful for debugging 
Substitute Memory — allows you to examine and 
modify memory locations 

Examine Register — allows you to examine and modify 
the 8085's register contents 

Vector Interrupt — a user interrupt button 


Teletype Monitor Commands 


© Display Memory — displays multiple memory locations 

Substitute Memory — allows you to examine and 

modify memory locations one at a time 

e Insert Instructions — allows you to store multiple bytes 
in memory 

e Move Memory — allows you to move blocks of data 
in memory 

e Examine Register — allows you to examine and modify 
the 8085's register contents 

¢ GO — allows you to execute user programs 


In addition to detailed information on using the monitors, 
the SDK-85 User's Manual provides circuit diagrams, a 
monitor listing, and a description of how the system 
works. 
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SDK-85 FUNCTIONAL BLOCK DIAGRAM 


sD 


1The SDK-85 is designed around Intel's 8085 Micropro- 
ocessor. The Intel® 8085 is a new generation, complete 8- 
tbit parallel central processing unit (CPU). Its instruction 
sset is 100% software upward compatible with the 8080A 
nmicroprocessor, and it is designed to improve the present 
€8080's performance by higher system speed. Its high level 
cof system integration allows a minimum system of three 
IC's: 8085 (CPU), 8156 (RAM) and 8355/8755 (ROM/ 
PROM). 


ASTSS «= ASTIS 


INSIDE THE 8085: we hTA | ast es 


ACCUMULATOR 
(AHEGI 18) 


1 
ARITHMETIC 


PoOwER —e +5V 
surpcy “|—= cno 


TIMING AND CONTROL 


CONTROL status 


CLK OUT AO WA ALE So S$ 10M | HLOA 


TRAP 


INSTRUCTION 


MACHINE 
cvcet 
ENCODING 


RESET OUT 


K-85 


The 8085 incorporates all of the features that the 8224 
(clock generator) and 8228 (system controller) provided 
for the 8080, thereby offering a high level of system 
integration. 


The 8085 uses a multiplexed Data Bus. The address is split 
between the 8-bit address bus and the 8-bit data bus. The 


on-chip address latches of 8155/8156/8355/8755 memory 
products allows a direct interface with 8085. 


ve ES cig 
Ti 


CODER 
) 


INCALMENTLA DECREMENTER 
ADDALSSLATCH (16) 


Aig Ay AD; ADg 
AODAESS BUS AODHESS DATA BUS 


REAOY HOLD AESETIN 


e@ SEVEN 8BIT REGISTERS. SIX OF THEM CAN BE LINKED @ 16-BIT STACK POINTER (STACK IS MAINTAINED 


IN REGISTER PAIRS FOR CERTAIN OPERATIONS 
© SBIT ALU. 


OFFBOARD IN SYSTEM RAM MEMORY). 
@ 16-BIT PROGRAM COUNTER. 


8085 INSTRUCTION SET Summary of Processor Instructions 


Instruction Code{!} Clocki2) Instruction Codej!) Clock(2) 
Maemonic Description 07 Og Os Og 03 Oz 0 Oo Cycles | Mnemonic Description 07 06 Os Os O03 O72 Oy Do Cycles 
Shemonic Description 7 05 Og Oy D3 Be Os ow | ae 3 
MOVE. LOAD, AND STORE STACK OPS 
MOV 2 Move register toregster 0 1000S SS 4 PUSH B ~ vase ParB& 110001 01 12 
MOV Mr Move registertomemory 0 1110S SS 7? on stac’ 
MOV r.M Move memory loregister 0 1000110 7 PUSH D Seep naa Par08 1 1010 10 8 8 
MI Move immediate registee 0 0000110 7 push push tearsiet Paes! “AN 140 ieee a8 
MVIM Move immediate memory 0 0 1 101 1 0 10 (on stack 
0B Load immediate register 00000001 1 PUSH PSW Push A and Flags r1a1r)e1or te 
Par B&C on stack 
wo Load immediate register 0 0 0 1 0 00 1 10 | popg Popreqste PanB& 11000001 0 
Par D&E C eft stack 
(0H Load immediate register 0 01000041 10 POP D Pop register Pan 0 & 11010001 0 
Pair H&L E oll stack 
STAX B Store A indirect 00000010 7 POP H Pop register Pair H & 11100001 10 
STAX D Store A indirect 00010010 7 L off stack 
UDAX B Load A indirect 00001010 7 POP PSW Pop A and Flags 11110005 = 10 
UDAX D Load A indirect ooo1rr010 7 olf stack 
STA Store A direct 00141001 0 13° | XTHL eee ot 11100011 16 
OA 111010 8 slack 
: nate eet 0.8 SPHL H $1 fo stack pointer 11197910041 6 
SHLD Store H & L direct 00100010 
tKLD Load H & L duect 00161010 6 xi SP Load immediate stack 0 0 1 10001 = 10 
pointer 
XCHG in ga a Dd GeO Oy A INX SP Increment stack ponte 0 0 1 10014 1° 6 
eee OCx SP Decrement stack 00111017 14 6 
pointer 
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8085 INSTRUCTION SET Summary of Processor Instructions (Cont.) 


Instruction Codejt} Clock|2) Instruction Code(1} Clocki2) 
Mnemonic Description Or 05 Ds Os Dy Oz 01 Op Cycles | Mnemonic Description 7 Og 5 O4 03 Oz Oh Oo Cycles 
JUMP 
JMP Jump unconditional 11000011 = «10 DAD B Add B&CtoHS&L 00001001 1 
Jc Jump on carry 11071 1 01 0 7/10 DAD D Add DS EtOH SL 00031411001 10 
JNC Jump on no catry 1101001 0 7/10 DAD H AddH&LIOHS&L 0031010071 «10 
JZ Jump on zero 1100101 0 710 DAD SP Add stack pointer to 0031171001 10 
JNZ Jump on no zero 1100001 0 7/10 H&L 
JP Jump on positive 1111001 0 7/10 SUBTRACT 
JM Jump on minus 1114 90 19 0 7/10 SUBr Subtract register 100310S SS 4 
JPE Jump on parity even 1140101 0 7/10 trom A 
JPO Jump on parity odd 11100010 7/10 SBBr Subtract register trom 10011S SS 4 
A with borrow 
PCHL H&L lo program 11101001 6 
counter SUB M Subtract memory 100310110 7 
trom A 
CALL SBB Subtract memory rom 1 0 01 1 110 7 
CALL Call unconditional 11001101 #8 Awith borrow 
cc Call on carry rreo rt 10 0 98 | sui Subtract immediate TROAOT PS F 
CNC Call on no carry 110101 00 918 from A 
cz Call on zero 11003110 0 918 SBI Subtract immediate 110119 140 7 
CNZ Call on no zero 110001 0 0 918 from A with borrow 
cp Call on positive 14114101 00 9718 LOGICAL 
cM Call on minus Trt t t 100 918 ANAL And register with A 10100S SS 4 
CPE Call on parity even 11101 1 00 918 XRAr Exclusive Or register 1o031401S SS 4 
cPO Call on parity odd 11100100 918 wih A 
RETURN ORAr Or register with A 10110S SS 4 
RET Return 11001001 CMPr CompareregisteswithA 10 1 1 1S S$ S 4 
RC Return on carry 11°01 14 0 0 0 6/12 ANAM And memory with A roroortro ? 
RNC Return on no carry 1101000 0 62 XRAM i te Or memory toro rrr1o 7 
RZ Return on zero 1100 1 00 0 6112 ORAM Or memory with A 10110110 7 
a mee - sae ; : ; : : : ; : “s CMP IM Compare memory with 1 0111190 7 
ANI And immediate with A 111003110 7 
RM Helurnjon, minus Peek RD e000 oie XRI Exclusive Or immediate 117071110 7 
RPE Return on parity even 1110 1 00 0 6/12 with A 
RPO Return on parity odd 111000 0 0 6/12 OR! Or immediate with A 111709190 7 
RESTART CPI Compare immediate 11999990 7 
RST Restart FVPARA TDDB with A 
INCREMENT AND DECREMENT ROTATE 
INRE Increment register 00000100 4 RLC Rotate A lett oo0001r 11 4 
OCRr Decrement register oodo0d101 4 RRC Rotate A right ooo0oo1r111 4 
INR M Increment memory 00110100 0 RAL Rotate A lelt through OG OLOE LT 4 
OCRM Decrement memory 0014110101 10 carry 
INXB Increment B & C 00000011 6 | PAR ae ANON MedgH 0. OP Oe Ae 
registers 
INX D Increment D&E 00010011 6 SPECIALS 
registers CMA Complement A oo1o0rnrv 19 4 
INX H Increment H & L 00100011 6 STC Set carry oo1r170771 4 
registers CMC Complement carry oo1rvvdt § 
OCx B Decrement B &C 00001011 #6 DAA Decimal adjust A oo1oo1rrd 4 
OCxX 0 Decrement D&E ooot1ronrd 6 INPUT/OUTPUT 
OCX H Decrement H&L 00101011 6 IN Input 11011011 #«10 
Ago ouT Output 11010011 10 
ADDr Add register to A 10000SS 5 4 CONTROL 
ADC r Add register to A 1o0001SS 8S 4 el Enable Interrupts 11791101989 =4 
with carry 1 Disable Interrupt 11110071 4 
ADD M Add memory to A 10000110 7 NOP No-operation 00000000 4 
ADCM Add memory to A 100014110 7 HLT Halt 01110110 5 
with carry 
ADI Add immediate to A 11000110 7 NEW 8085 INSTRUCTIONS 
ACI Add immediate to A 11001110 #7 RIM Read Interrupt Mask 00410 0 o 4 
with carry SIM Set Interrupt Mask 00110000 4 
NOTES 1 DDD or SSS B-000.C 001 D 010 E O11 H 100. L- 101. Memory-110 A 111 *All mnemonics copyright 
2. Two possible cycle times. (6/12) indicate instruction cycles dependent on condition flags Intel Corporation 1977 
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SSDK-85 SPECIFICATIONS 


CCentral Processor 


CoPU: 8085 
Instruction Cycle 1.3 microsecond 
TIcy: 330 ns 


Memory 


RROM: 2K bytes (expandable to 4K bytes) 8355/8755 
RRAM. 256 bytes (expandable to 512 bytes) 8155 
AAddressing: 
ROM 0000-07FF (expandable to OFFF with an additional 
8355/8755) 
RAM 2000-20FF (2800-28FF available with an additional 
8155) 
NNote: The wire-wrap area of the SDK-85 PC board may be 
uused for additional custom memory expansion up to the 
664K byte addressing limit of the 8085. 


linput/Output 


PParallel: 38 lines (expandable to 76 lines). 

SSenrial’ Through SID/SOD ports of 8085. Software 
ggenerated baud rate. 

BBaud Rate: 110 


linterfaces 


BBus: All signals TTL compatible. 
PParaltel 1/O. All signals TTL compatible. 
Serial 1/0: 20 mA current loop TTY 


NNote: By populating the buffer area of the board, the user 
ninas access to all bus signals which enable him to design 
ccustom system expansions into the kit's wire-wrap area. 


Interrupts 


TThree Levels: (RST 7.5) — Keyboard Interrupt. 
(RST 6.5) — TTL Input 
(INTR) — TTL Input 


DMA 
Hold Request: Jumper selectable TTL compatible input. 


Software 
System Monitor Pre-programmed 8755 or 8355 ROM 


Addresses; 0000-07FF. 
Monitor I/O: Keyboard/Display or TTY (serial I/O) 


Literature 

Design Library (Provided with kit): 

e SOK-85 User's Manual 

¢ MCS-85 User's Manual 

© 8080/8085 Assembly Language Programming Manual 
e Intellec* MDS Brochure 

¢ ICE-85 Data Sheet 


e PL/M-80 Data Sheet 
¢ 8085/8080 Assembly Language Reference Card 


Physical Characteristics 


Width: 120 in. 
Height: 10 in. 
Depth. 0.50 in 
Weight: approx. 12 oz 


Electrical Characteristics (DC Power Required 
— Power Supply Not Included in Kit) 


Voc 5V +5% 1.3 Amps 


Vrty -10V = 10% 0.3 Amps (Vrty required only if 
teletype is connected) 


Environmental 
Operating Temperature: 0-55°C 


RR TE 


beneath OLA ARNE EO BLT nip He A ae 


intel 
FORTRAN-80 


8080/8085 ANS FORTRAN 77 . 
INTELLEC® RESIDENT COMPILER 


Meets and exceeds ANS FORTRAN 77 Subset Produces relocatable and linkable object code 

Language Specification compatible with resident PL/M-80 and 8080/8085 
' Macro Assembler 

Supports Intel Floating Point Standard 


Resident operation on Intellec® Microcomputer Full FORTRAN 77 language I/O support when used 
Development System and _ Intellec® Series Il with ISIS-II run-time library 
Microcomputer Development System 


Supports full symbolic debugging with ICE-80 and Sophisticated code optimization insures efficient 
ICE-85 program implementation 


FORTRAN-80 is a computer industry-standard, high-level programming language and compiler that translates FOR- 
TRAN statements into relocatable object modules. When the object modules are linked together and located into ab- 
solute program modules, they are suitable for execution on Intel® 8080/8085 Microprocessors, iSBC-80 OEM Computer 
Systems, and Intellec® Microcomputer Development Systems. FORTRAN-80 meets and exceeds the ANS FORTRAN 
77 Language Subset Specification’. The compiler operates on the Intellec Microcomputer Development System under 
the ISIS-II Disk Operating Systems and produces efficient relocatable object modules that are compatible for linkage 
with PLM-80 and 8080/8085 Macro Assembler modules. 

The ANS FORTRAN 77 language specification offers many powerful extensions to the FORTRAN language that are 
especially well suited to Intel® 8080/8085 Microprocessor software development. Because FORTRAN-80 conforms to 
the ANS FORTRAN 77 standard, the user is assured of compatibility with existing FORTRAN software that meets the 
standard as well as a guarantee of upward compatibility to other computer systems supporting an ANS FORTRAN 77 
Compiler. 


"ANSI X3U3/90 


intel ® 


Count OtNsITY 


DOUBLE DENSITY 
FLEXIBLE DISK ‘ 
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FORTRAN-80 LANGUAGE FEATURES 


Major ANS FORTRAN 77 features supported by the 

Intel® FORTRAN-80 Programming Language include: 
© Structured Programming is supported with the 

IF... THEN... ELSE IF... ELSE... END IF con- 

structs. 

CHARACTER data type permits alphanumeric data 

to be handled as strings rather than characters 

stored in array elements. 

Full I/O capabilities include: 

Sequential and Direct Access files 

Error handling facilities 

Formatted, Free-formatted, and Unformatted 

data representation 


Internal (in-memory) file units provide ca- 
pability to format and reformat data in in- 
ternal memory buffers 


List Directed Formatting 


© Supports arrays of up to seven dimensions. 
¢ Supports logical operators 
-EQV. — Logical equivalence 
-NEQV. — Logical nonequivalence 
Major extensions to FORTRAN 77 in Intel FORTRAN-80 
include: 


Direct 8080/8085 port I/O supported by intrinsic 
subroutines. 


Binary and Hexadecimal integer constants. 


User-defined INTEGER storage lengths of 1, 2 or 4 
bytes. 


User-defined LOGICAL storage lengths of 1,2 or 4 
bytes. 


REAL STORAGE lengths of 4 bytes. 


Bitwise Boolean operations using logical op- 
erators on integer values. 


Hollerith data constants. 


Implicit extension of the length of an integer or 
logical expression to the length of the left-hand 
side in an assignment statment. 


A format descriptor to suppress carriage return on 
a terminal output device at the end of the record. 


FORTRAN-80 COMPILER FEATURES 


¢ Supports multiple compilation units in single 
source file. 


Optional Assembly Language code listing. 


Comprehensive cross-reference, symbol attribute 
and error listing. 


Compiler controls and directives are compatible 
with other Intel language translators. 


Optional Reentrancy. 

User-defined default storage lengths. 
Optional FORTRAN 66 Do Loop semantics. 
Source files may be prepared in free format. 
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¢ The INCLUDE control permits specified source 
files to be combined into a compilation unit at 
compile time. 


FORTRAN-80 BENEFITS 


FORTRAN-80 provides a means of developing applica- 
tion software for Intel® MCS-80/85 products in a 
familiar, widely accepted, and computer industry 
standardized programming language. FORTRAN‘80 will 
greatly enhance the user's ability to provide cost- 
effective solutions to software development for Intel 
microprocessors as illustrated by the following: 

* Completely Complementary to Existing Intel Soft. 
ware Design Tools — Object modules are linkable 
with new or existing Assembly Language and 
PUM Modules. 


Incremental Runtime Library Support — Runtime 
overhead is limited only to facilities required by 
the program. 


Low Learning Effort — FORTRAN-80, like PUM, is 
easy to learn and use. Existing FORTRAN soft- 
ware can be ported to FORTRAN-80, and programs 
developed in FORTRAN-80 can be run on any other 
computer with ANS FORTRAN 77. 


Earlier Project Completion — Critical projects are 
completed earlier than otherwise possible be- 
cause FORTRAN-80 will substantially increase 
programmer productivity, and is complementary to 
PUM Modules by providing comprehensive arith- 
metic, I/O formatting, and data management sup- 
port in the language. 


¢ Lower Development Cost — Increases in program- 
mer productivity translates into lower software 
development costs because less programming 
resources are required for a given function. 


Increased Reliability — The nature of high-level 
languages, including FORTRAN-80, is that they 
lend themselves to simple statements of the pro- 
gram algorithm. This substantially reduces the 
risk of costly errors in systems that have already 
reached production status. 


¢ Easier Enhancements and Maintenance — Like 
PUM, program modules written in FORTRAN-80 
are easier to read and understand than assembly 
language. This means it is easier to enhance and 
maintain FORTRAN-80 programs as system capa- 
bilities expand and future products are developed. 


Comprehensive, Yet Simple Project Development 
— The Intellec Microcomputer Development Sys- 
tem, with the 8080/8085 Macro Assembler, PUM-80 
and FORTRAN-80 is the most comprehensive soft- 
ware design facility available for the Intel 
MCS-80/85 Microprocessor family. This reduces 
development time and cost because expensive 
(and remote) timesharing or large computers are 
not required. 


FORTRAN-80 


SAMPLE FORTRAN-80 SOURCE PROGRAM 
LISTING 


THIS PROGRAM IS AN EXAMPLE OF ISIS-II FORTRAN-80 THAT 
CONVERTS TEMPERATURE BETWEEN CELCIUS AND FARENHEIT 


t. 
C, 
C. 


110 
2! 


34 


PROGRAM CONVRT 


CHARACTER*1 ChOICE,SCALE 


PRINT 1 


FORMAT (' TEMPERATURE CONVERSION PROGRAM',//, 


*' TYPE C FOR FARENHEIT 


TO CELCIUS OR',/, 


*' Ff FOR CELCIUS TO FARENHEIT',//) 


PRINT 2 

FORMAT (/,' CONVERSION? 

READ (5,3) SCALE 

FORMAT (A1) 

IF (SCALE.EQ.'C') THEN 
PKINT 4 


KEAD (5,*) DEGF 
DEGC=5./9.*DEGF-32. 
WRITE (6,5) DEGF,DE 


',$) 


FORMAT (/,' ENTER DEGREES FARENHEIT? ',$) 
GC 
GREES FARENHEIT = ',F7.2,!' 


FORMAT (/,F7.2,' DE 
PRINT 6 
FORMAT (/,' AGAIN ( 
READ (5,3) CHOICE 
IF (CHOICE.EQ.'Y') 
GOTO 10 
ELSE IF (CHOICE.EQ. 
CALL EXIT 
ELSE 
GOTO 11 
END IF 
ELSE IF (SCALE.EQ.'F') 
PRINT 7 
FORMAT (/,' ENTER D 
READ (5,%*) DEGC 
DEGF=9./5.*DEGC+32. 
WRITE(6,8) DEGC,DEG 
FORMAT (/,F7.2,' DE 
GOTO 11 
ELSE 
WRITE (6,9) SCALE 
FORMAT (/,1H ,A1,' 
GOTO 10 
END IF 
END 


Y OR N)? ',$) 
THEN 


'N') THEN 


THEN 


EGREES CELCIUS? ',$) 


F 


GREES CELCIUS = ',FT7. 


NOT A VALID CHOICE - 
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2,' DEGREES FARENHEIT',/) 


RETRY!',/) 


DEGREES CELCIUS',/) 


FORTRAN-80 


The FORTRAN-80 Compiler is an efficient, multiphase compiler that accepts source programs, translates them into 
relocatable object code, and produces requested listings. After compilation, the object program may be linked to other 
modules, located to a specific area of memory, then executed. The diagram shown below illustrates a program 
development cycle where the program consists of modules created by FORTRAN-80, PL/M-80 and the 8080/8085 Macro 
Assembler. 


oceuG 


VIA 
MONITOR 


OPTIONAL 


IN CIRCUIT 
EMULATOR 


ASSEMBLY 
LANGUAGE 
SOURCE 


SPECIFICATIONS DOCUMENTATION PACKAGE 


FORTRAN-80 Programming Manual (9800481) 


ees ERO MENT ISIS-Il FORTRAN-80 Compiler Operator's Manual 
Required Hardware: (9800480) e 


Intellec® Microcomputer Development System 
— MDS-800, MDS-888 FORTRAN-80 Programming Reference Card (9800547) 


— Series Il Model 220, Model 230 SHIPPING MEDIA 
64K bytes of RAM memory Flexible Diskettes 


Dual diskette drives 
— Single or Double Density 


System console 
— CRT or hardcopy interactive device 
Optional Hardware: 
Line Printer 
ICE-80™, ICE-85™ 
Required Software: 


ISIS-II Diskette Operating System 
— Single or Double Density 


PROM 
PROGRAMMER 


— Single and Double Density 
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APPENDIX 1 


Appendix 1 
Applications of MCS-85 


Contents 
SECTION 1 INTRODUCTION TO MCS-85 APPLICATIONS 

IATKOGUCTION! sscsste2s ccs 6 ep ib wie Sa osm ineiers laws 018.66 Leche Meanie ON ONS «FRITS A1-1 

MGS-85™'SYStOM . ieisceicsars sce sinis-s scateceressbinjeioreie d 0's wibserane.diacnrareidialelele « 0%0%% 9'e ususis A1-1 

Sample Applications ........ ayacchate atviscan chore arae aid dakenayealaresapsretve gore.elasa, aceulyeed A1-1 

Baud Rate Generator scsiis cee scssiaaetias ve’ bdeaWinweawanduiee ss 68 season A1-1 

Serial Communications ......... cece cece cece cent cece e ene eee ee eens Ai-1 

Sal SSYStOt - 25 -:5e0icic,s cove Sisnerg 6 W.8 <iiaye.eseioraysvane &- Fe occecsa vel ain avorsnetevaverero:.o:6%e) a’ eledetvers A1-6 

Block Move, Block Search ....... ccc cece cece ence cece nec ceeeees A1-6 

RSW, 7”. ancussersiennwearcacnwaies Sie saaweuieeed «ss tdereainsteadete oo8 + stuenion A1-7 

SECTION 2 DETAILED APPLICATION EXAMPLES : 

Memory: Addressing:  ccrcissisjges F505 scnelsetedae es ob slew eatirsieieee des 4 sc.cmemees A1-8 
FLOM, ER ROME Siisszis sdrsceia se eecisshcave'd inva 0 sha idtejareieiasicd a5 s-atalacaudravetovatinvoca axe arate 2 leveyeates A1-8 
State RAM esa se. cei toxe raratesevarare aneinare siareeieiavecaler tia ce.» o's Waters -aieie'ee aia dle’ ete anartte A1-11 
Dynamic! RAM) taiciestecr-scoresretaeitts oles eaucbeeaaene.s sia Fa Seneaeees bo b45 Sheers A1-11 

System Timings: oc, .sceradersee nes gs ta ciaes Gals Sh adae deagiapapies Gon oka apolar A1-16 

Clock In vs. Clock Out vs. Control Timings ............. cc cece eee cc eeee A1-16 

3:1 25'VS. SiMAZ} TIMINGS: Sarssesains a's vesemianw's 6 vs do chieeic Re eee kaw aeSOS A1-18 

Memory Device Compatibility ........... cece ccc cece eect eeeee A1-20 
MINIMUM SYStOM) © s:scéseccieie cacao crdecince a6 scdsoseckywsdveravareve’0'0's 04.0010 8 sivie se ese oreswsecovevens A1-20 
MEGINME SYSTEM 6.5:56:4 tetera de ciccais bane aunetetraaictens bb. ease Se noakdieau “elaeeets A1-20 
Follow Through of Dynamic RAM Example ............ccceeeeeeeeeees A1-22 

Peripheral Device Compatibility ............ cc ccc cece cece cece c ccc ceeces A1-23 

Loading, Decoupling Considerations ............ ccc cece cece cece e cence A1-25 

APPLICATION EXAMPLE 1 

Minimum System Application Example as a Temperature Sensor ........ A1-26 

Application: siciccns sass ee siete 5 ceaieewiees ses Saociemias 6 34530054468 CORRES A1-26 

8155 Counter Read Procedure .......... ccc cece ccc eee eee eee eeeeeee A1-28 

Software Block Move, Search Illustrations ............ccc cece cece eeeeee A1-29 


GRIT, Mrnterl ace? ~ e 5 ecajs.s veisra2'sace, 9.15: <.srecasosahaysiesdiese:svtesipisicsacstOcevae ois wesw bi aepeanaxsedur se A1-32 


Hardware INtertace sisicersisa sie ce steratineisiecis ac wsaiatenwarneen eos Ss h% seletane es A1-32 
SOMtware: PACKAGE: wissisjsrecsisie's sig sarseserseaon.e «SABA heates Goa y welecee veces A1-32 
Output ROUTING: <darcrarelccsis gids aed civ citiecs lasso. 3.4 dustasavererencie ernie 48-4. vue tefecorerelate 6.0 A1-34 
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APPENDIX 1 
APPLICATIONS OF MCS-85™ 


SECTION 1 
INTRODUCTION TO MCS-85 APPLICATIONS 


When the first microprocessor was introduced 
aabout five years ago, it was largely ignored by 
tithe electronics industry. However, since that in- 
easupicious beginning, this new device has 
tbecome the hottest topic in current technology. 
AAs more and more product designers become 
familiar with the capabilities of microcom- 
Aputers, the number of new applications in- 
ccreases geometrically. In most of these applica- 
tions, the new technology has been used to 
treplace designs which were formerly im- 
Pplemented with TTL logic and under-utilized 
nminicomputers. However, an increasing number 
cof products are surfacing which would have 
tbeen impractical prior to the microcomputer 
eera. 


NMicrocomputers are being applied to a wide 
trange of data communications tasks. The field 
cof telephone equipment is being invaded by 
gsystems which control and monitor calls. Point 
cof sale terminals are increasing daily with the 
aaddition of interface to coin changers, elec- 
tronic scales and remote computers. Small 
sstand-alone computers are relying heavily upon 
Mmicrocomputers in teleprocessing, time- 
ssharing, data base management and similar in- 
teractive applications. An increasing number of 
nmicrocomputer based data terminals are pro- 
widing local interactive intelligence with pro- 
ggrammable character sets, vector generation 
and the pre-processing of data. 
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Instrumentation is widely utilizing the micro- 
processor for a variety of control and arithmetic 
processing functions. Microcomputers are con- 
trolling laboratory equipment such as oscillo- 
scopes, DVM’s, network analyzers and frequen- 
cy synthesizers. Medical electronics are 
crediting microcomputers with tasks such as 
patient monitoring, blood analysis and X-ray 
scanning. Travel is becoming microcomputer- 
ized by automotive control, air and ocean 
navigation equipment and rapid transit 
systems. 


MCS-85™ SYSTEM 


Many possible microcomputer applications 
have been overlooked because of the design 
tasks required to build the microcomputer. 
These tasks include the system clock, read/ 
write memory, I/O ports, serial communications 
interface and bus control logic. The MCS-85 
system will enable the design engineer to con- 
centrate on the application of the microcom- 
puter, rather than on the implementation 
details. 


The MCS-85 is yet another family of com- 
ponents which has the potential to provide a 
solution to the three problems which will 
always plague designers: cost, size and power. 
The reduced component count of an MCS-85 
microcomputer, coupled with the increased in- 
tegration of functions reduces both cost and 
size while increasing power. 
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Sample Applications 


Calculating Oscilloscope 
Blood Analyzer 
Programmable Video Game 
Process Control System 
Line Printer 


Intelligent Terminal 
N.C. Machine 
Digital Multimeter 
Graphic Terminal 
Automotive Control 


Disk Controller 
Patient Monitor 
Network Analyzer 
Frequency Synthesizer 


Navigation Equipment 
Vending Machine 
Spectrum Analyzer 
Front End Processor 
Credit Verifier 


APPLICATION PERIPHERAL DEVICES ENCOUNTERED MCS-85™ COMPONENTS 


Intelligent Terminals 


Cathode Ray Tube Display 


Printing Units 
Synchronous and Asynchronous data lines 
Cassette Tape Unit 


Keyboards 


Gaming Machines 


Keyboards, pushbuttons and switches 


Various display devices 
Coin acceptors 
Coin dispensers 


Cash Registers 


Keyboard or Input Switch Array 


Change Dispenser 
Digital Display 

Ticket Printer 

Magnetic Card reader 
Communication interface 


Accounting and Billing Machines Keyboard 


Pnonter Unit 


Cassette or other magnetic tape unit 
“Floppy” disks 


Telephone Switching Control 


Telephone Line Scanner 


Analog Switching Network 
Dial Registers 
Class of Service Parcel 


Numerically Controlled Machines 


Process Control 


Magnetic or Paper Tape Reader 
Stepper Motors 
Optical Shaft Encoders 


Analog-to-Digital Converters 


Digital-to-Analog Converters 
Control Switches 


Displays 


Baud Rate Generator 


Shown in Figure 2 is a minimum system con- 
figuration with the 8156 timer output connected 
to an 8085 interrupt input. 


This configuration allows convenient use of the 
timer as a baud rate generator. A 6.144 MHz 
crystal is used as the frequency control ele- 
ment of the 8085A, providing integral divisors 
for the standard baud rates (300, 600, 1200, 
2400, 4800, 9600 baud). The timer is programmed 
with the appropriate divisor (Figure 1) for the 
selected baud rate resulting in one pulse on the 
timer output for each bit cell time. The clock 
output (CLK) of the 8085A is used to clock the 
timer (TIMERIN). The frequency of this clock is 
one-half the crystal frequency or in this exam- 
ple 3.072 MHz. TIMEROUT now provides a 
crystal controlled pulse train at the baud rate 
selected. 


Serial Communications 


By feeding the TIMEROUT signal of the 8156 
back to the edge triggered RST7.5 input of the 
8085A, the processor can be interrupt driven at 


the required baud rate. As shown in Figure 1, 
the minimum system supports serial com- 
munications with only the addition of the send 
and receive interface circuits. 


The SID (SERIAL INPUT DATA) line and the SOD 
(SERIAL OUTPUT DATA) line are connected 
directly to a TTY or RS232 interface circuit. 
Assuming inverted data at the SID input, a 
direct connection is made to the RST6.5 input 
for detection of the start bit. 


Additional insight into using the 8085's serial I/O 
lines in communications application can be found 
in Section 2 of this Appendix. 


BAUD RATE COUNT (DECIMAL) 


FIGURE 1 
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TRANSMIT 
INTERFACE 


MANUAL RESET 
—_ 


SEE NOTE 2 


AsAio 
835S/875SA 

RESET 

tora 


SEE NOTE 4 


TIMER OUT 


NOTE 1: TRAP, INTR, ANO HOLD MUST BE GROUNDED IF THEY AREN'T USED. 

NOTE 2: USE IO/M FOR STANDARD 1/0 MAPPING. USE A15 FOR MEMORY MAPPED I/O. 

NOTE 3, CONNECTION 1S NECESSARY ONLY IF ONE Tyai7 STATE IS DESIREO. 

NOTE 4: PULL-UP RESISTORS RECOMMENDED TO AVOID SPURIOUS SELECTION WHEN AG AND WA ARE 
JSTATED. 


FIGURE 2 MINIMUM SYSTEM CONFIGURATION 


A1-3 


MCS-85™ APPLICATIONS 


a2 
READY [2 | 
" ns 
27K 
95 RS 
4a? 
1x [3] ahd 
TX RET 
RB 
430 
w 
-10V 


yi 
6.144 MHz 


RX 
RX RET 


$25 
249 KEYBOARD 


INTR [18 | 
ASTIN a} ——__________}_—_—___——————— 5} 
R33 
$1 1K 
eis 
“RESET” Ru 
ad C22 50K 
T* 
po 
on 
o2 
03 
D4 
a 
06 
o7 


FIGURE 3 SMALL SYSTEM SCHEMATIC (similar to the schematic of Intel’s SDK-85) 
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MCS-85™ APPLICATIONS 


Small System 


The schematic in Figure 3 is of a complete 
microcomputer with only 6 ICs. The system con- 
tains its own serial I/O communication lines, 
multi-level interrupt, two programmable timers, 
and power-on reset. System capacity is 512 
bytes of RAM, 4K bytes of PROM, and 76 lines 
of programmable 1/O. 


Block Move, Block Search 


In a large system application high speed block 
moves may be necessary. The addition of an 
8257 Direct Memory Access (DMA) controller 
and an 8255 Programmable Peripheral Interface 
(PPI) device with some miscellaneous logic 
removes the task from the 8085 and results ina 
very high speed capability. The addition of an 
eight bit comparator also permits block sear- 
ches. (See Figure 4.) 


FIGURE 4 BLOCK MOVE, BLOCK SEARCH addition of an 8257 Direct Memory Access (DMA) con- 
troller and an 8255 Programmable Peripheral Interface (PPI) device permits block searches, high 


speed block moves. (2.5us/word). 


AIS 


MCS-85™ APPLICATIONS 


Baasic operation, for a block move, is that the 
CRPU loads the 8257 with the starting address of 
thie source block and the length* of the block in- 
too Channel 0. Channel 1 is programmed with the 
Stilarting location of the destination block and 
thne length. A bit in Port C of the 8255 is set by 
thne CPU which initiates a DMA request on 
Cthannels 0 and 1. Because the 8257 is initial- 
izeed to the rotating priority mode, the first DMA 
cyycle is from Channel 0 which latches the data 
ttcom the first location of the source block into 
thae 8212. The second cycle will be from Channel 
\vwhich will store the latched data into the first 
loncation of the destination block. The next cycle 
wiill return to Channel 0 and the sequence will 
Start over again until the length (terminal count) 
isi reached. Programming the 8257 stop bit in- 
suures that each channel will be disabled when 
ilss respective terminal count is reached. 


Thhis configuration also supports a block fill. 
DKMA Channel 0 points to a location containing 
thoe fill value and has a length of one. Channel 1 
Pcoints to the starting location of the destination 
dlilock and contains the length. When the se- 
quuence is initiated the value will be loaded into 
thne latch by Channel 0. Channel 0 reaches TC 
annd is disabled. Priority rotates to Channel 1 
wihich will repeatedly write into the destination 
bilock the value stored in the latch until TC is 
reeached. 


Blilock search operations use the 8-bit compara- 
toor and Ports A & B of the 8255 and Channel 2 of 
thhe 8257. The CPU loads Port B with the search 
vaalue and the DMA channel with the search 
anrea (starting address and length). A Port C bit 
initiates the DMA READ request. Channel 2 
DIMA Acknowledge sets Port A of the 8255 up as 
thhe receiver for the DMA READ cycle by 
mnultiplexing Ag, A;, and CS. Each cycle of the 
DIMA then loads Port A with the value of the 


“(i(The value loaded into the low-order 14-bits of the terminal count 
reegister specifies the number of OMA cycles minus one before the 
Teerminal Count (TC) output is activated. For instance, a terminal 
corount of 0 would cause the TC output to be active in the first OMA 
cyycle for that channel. In general, if Length = the number of 
ceesired DMA cycles, load the value Length-1 into the low-order 
144 bits of the terminal count register.) 
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pointed-to location in the block. When Port A 
equals Port B, the output of the comparator will 
gate off the DMA request. The requesting pro- 
gram can now read the Channel 2 address 
which is pointing to the search value plus one. 
However, if the status register of the 8257 in- 
dicates that TC of Channel 2 has been reached, 
then no match was found. 


RST 7 


On the 8080A/8228 system if one tied INTA out 
of the 8228 to + 12 volts through a 1KQ resistor, 
the 8228 would generate a RST 7 instruction to 
the 8080A upon interrupt. This was a very inex- 
pensive mechanism. 


The 8085A has expanded this facility with the 
RST 5.5, 6.5, 7.5 inputs but is not compatible 
with the RST 7 generated by the 8228. (Figure 5) 
To maintain this compatibility it can be achieved 
by adding an 8212 which will force a RST 7 in- 
struction into the bus upon interrupt acknowl- 
edge (INTA). (Figure 6) 


RESTART VECTOR LOCATION 


FIGURE 5 


FIGURE 6 


SECTION 2 
DETAILED APPLICATION EXAMPLES 


Memory Addressing 


One of the necessary functions of the microprocessor bus is 
to interface with the memory where the program is stored. 
ROM and EPROM memories are typically used to store pro- 
grams while static and dynamic RAMS are generally used for 
data memory. The following discussions cover the interfacing 
to be used for these types of memory. 

ROM - EPROM ADDRESSING 

Later is this Appendix a section is devoted to an 
approach for developing a chart showing memory device 
Compatibility for the 8085A. However, there is one area not 
included that will be discussed here, that is, unbuffered inter- 
facing to standard ROM or EPROM memories. To use an 
unbuffered interface to ROM or EPROM it is necessary to 
understand a particular characteristic of the 8085A. 


The 8085SA has a period of time, T4 through T6 of the op code 
fetch cycle and certain instructions, where addresses A8 
through A15 are undefined. Be careful about this. Not having 
addresses stable and using an address select method that 
would randomly turn on memory devices will cause bus 
contention and reliability problems in the unbuffered system. 
In the memory compatibility section of this Application Note, 
a minimum (unbuffered MCS-85 family and medium system 
(at least one level of buffering: configurations are considered. 
These configurations do not have bus contention problems. 
In the minimum system only MCS-85 components will be 
discussed where addresses are latched on the falling edge of 
ALE, thus ignoring any extraneous address transitions. The 
medium system is assumed to have data buffers that are 
enabled only at the proper time, thus again preventing any 


bus contention problems. What about the user who wants to 
use standard ROM or EPROM without buffering? 


As an example let's look at Intel's ROM/EPROM family (Fig. 
3) and develop a system block diagram. This system should 
allow upward compatibility for these particular devices and 
avoid any bus contentions due to undefined addresses. In 
Figure 4 a traditional decoding scheme is shown that uses 
the time difference between tacc (address access) and tco 
(chip select access) to allow for decoding of the EPROM/ROM 
to be selected. Connecting only these signals, however, in an 
unbuffered system will result in data contention because of 
the spurious addresses during opcode fetch. The proper in- 
terconnect for this type of interface is shown in Figure 5 
where an output enable (OE) signal will prevent any bus 
contention. This output enable is controlled by the read con- 
trol signal, RD, of the 8085A. This signal only occurs after 
addresses have stabilized.* 


Note also that a PROM is recommended for the decoding 
function vs. an 8205 (1 of 8 decoder). Why? This PROM 
allows the user to easily upgrade his system to the 32 and 
64K versions with minimum rewiring. As seen in Figure 3, 
only 4 pins are being altered (18-21) in the Intel ROM/EPROM 
family to allow for this upward compatibility. All a user would 
need to do is initially design his layout for 28 pin devices, 
thereby allowing total flexibility from 8K through 64K with the 
ease of only changing a decoding PROM and a few wires 


*Both RD and WA signals should be pulled up to +5V through a resistor to 
avoid random selection during 3-state. 

tAnother method 1s shown later in Figure 15 that facilitates the use of a 
decoder, such as the Intel 8205. 


8K 16K 32K 


(8 x 2K) 


Figure 3. Intel EPROM/ROM Compatible Family. 


64K 
(8 x 8K) 
2364 


PINS THAT 
CHANGE 


ADDRESS 


ADDRESS 


cs 


DATA OUT 


Figure 4. Traditional 16K EPROM System. 
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POSSIBLE BUS CONTENTION 


‘co 


ADDRESS 


OE QUALIFIES \ : 
DATA OUT OF 2716 
Z 


ADDRESS 


SELECTION 


OUTPUT ENABLE - 
(READ) 


DATA OUT 


Figure 5. Correct 16K EPROM System. 
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MEMORY ACCESSING BEGINS HERE 


ADR 


FALLING EDGE LATCHES ADDRESS, 
IGNORING ANY CHANGES IN BUS 
SUCH AS SWITCHING FROM ADDRESS. 
TO DATA ON 80854 BUS. 


Figure 6. Edge Enabled Product Waveforms. 


100ns MINIMUM PROVIDED BY ALE 
ON CS PIN OF.PROM. 


Another interesting aspect with this configuration is when 
working with the 2332, (4K x 8 ROM) or 2364 (8K x 8 ROM) 
the 8212 Demultiplexer no longer becomes necessary. In 
other words, you don't have to demultiplex the 8085A bus! 
To understand this it will be helpful to look at Figure 6. The 
new ROMs; 2332 and 2364, use an Edge Enabled concept 
allowing the addresses to be latched on the CE input. This 
approach allows access time to start as soon as addresses 
are valid. To latch another set of addresses CE must go high 
for at least 100 ns (tec) and then go low again. This 100 ns 
can be accounted for by connecting ALE from the 8085A to 
the Cs1 input pin of the 3604A PROM device in the block 
diagrams shown. This assures that all devices are 


Geselected for at least 100 ns while addresses are changing 


in the 8085A system. 


STATIC MEMORIES 


The same consideration must be applied to standard static 
memones as with the ROMs/EPROMs in an unbuffered sys- 
lem. Memory device selection must be qualified by a memory 
fead or write to prevent spurious selection. Some Intel static 
RAM devices have an Output Enable for this purpose, such 
as the 2142 (1k x 4). This part was designed to be specifically 
used with a microprocessor bus. For other standard static 
RAMs, the chip selects must be qualified by RD, WR or ALE 
to prevent random selection. 

DYNAMIC RAM INTERFACE 

An earlier Intel Application Report (APR-1) extensively cov- 
ered dynamic RAM interface with different types of memory 
and refresh in the MCS-80 system. This dynamic RAM section 
was taken from the most memory intensive example in APR-1, 
the 2116, modified to be compatible with the 8085A bus. 
These minor modifications are such that an 8080 system can 
be converted without much trouble. Before discussion of this 
section, however, a strong word of advice is in order. At 
aboul the same time this Application Note is published, Intel 
wil be sampling an 8202 dynamic RAM refresh controller 
which does all dynamic RAM interfacing (except the data 
bus) and refreshing in one packaged component. It is highly 
fecommended that the reader investigate this before using 
the allached schematic. Reading this section will still be use- 
ful in terms of understanding the 8085A bus. 
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This section uses the APR-1 2116 (multiplexed address 16K) 
example modified for the 2117-4 dynamic RAM. These 
devices have some differences from the 2116. One is that the 
output is not latched and is 3-stated during a write operation. 
This allows a user to tie both the data in and data out pins 
together at the device and at the data buffers, saving board 
traces. The 2117 also have hidden refresh capabilities where 
if CAS is held low, RAS can be toggled to refresh the device. 


The schematic shown in Figure 7 is aimed at a high perfor- 
mance, relatively inexpensive solution (disregarding the 8202). 
Refresh circuitry is not shown, but can be implemented in a 
variety of ways. This will be discussed later in an upcoming 
section. In this refresh section, code for a simple, very low 
cost refresh controller that requires no special hardware, 
other than an 8155 timer, is presented. 


For system timing, a 4x clock is used to obtain the resolution 
necessary to provide the clocks for the multiplexed address 
2117's. Other solutions are possible with delay lines, one 
shots, etc., but are relatively expensive and don't provide for 
a nice baud rate source for any peripherals that may be in the 
system as does this 4x clock. Another approach can use the 
clock edges from the 8085A CLKOUT to interface to dynamic 
RAM. To facilitate this type of approach, Clock related timing 
parameters are listed later in this note. 


To aid in understanding the operation of this circuit, the ex- 
planation is broken into a discussion of the main signal paths. 
2117-4 Spec compatibility with the 8085A will be discussed in 
detail in the dynamic RAM section of the Memory Compatibil- 
ity section. 


Addresses 

The lower 14 addresses (A0-A13) are used to select one of 
the 16,384 8-bit bytes in each 16K byte data bank. The lower 
8 of these 14 addresses (A0-A7) flow through an 8212 and 
are latched by ALE, effectively demultiplexing the address/ 
data bus. These lower 8 addresses with the next 6 (A8-A13) 
enter the 3242 multiplexer/refresh controller. The Row Enable 
of the 3242 controls which half of the addresses are presented 
to the dynamic RAM memory. Looking at the row enable on 
the 3242, it is seen that the row and column addresses are 
swapped with respect to convention. The higher order ad- 
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dresses are used as row addresses and the lower order 
addresses are used as column addresses. This does not 
create problems because this is invisible to the CPU. Re- 
treshing is done properly as the 3242 controls the addressing 
for this. The upper two address lines (A,,-A,,) are decoded to 
qualify one of the four RAS (Row Address Strobe) lines to 
select one of the four 16K byte data banks of memory. 


Cycle Requests 

Cycle requests are generated from several sources; ALE 
automatically initiates a request when S1 indicates that there 
is a read taking place (flip-flop C), WR during write cycles (D) 
and refresh delayed (Q output of refresh flipflop (B)) when 
there is a refresh. ALE is used to start a read (qualified by S1) 
to provide ample time for access from the memories. This 
cycle request signal (A) immediately creates a RAS and 
Starts a timing chain (74S174 shift register (E)) to generate 
the remaining signals. Synchronization between this cycle 
fequest pulse and the 4x clock is accomplished by the first D 
flip-flop in the 'S174 shift register (timing chain). 

RAS/CAS 

When RAS is enabled by a cycle request, it is qualified with 
either a refresh request (all RAS's turn on) or the decoded 
upper two bits of the address bus. A careful reader may 
question whether address is valid prior to RAS being enabled. 
This question can be answered by noting that the 8212 passes 
the address through before the falling edge of ALE latches it. 
Tat (115 ns for 320 ns 8085A processor cycle), which is the 
time from address to the falling edge of ALE, gives ample 
time for addresses to be valid at the 3242 outputs before 
RAS is valid. RAS is extended past the clearing of the cycle 
fequest flip-flop by ORing this enabling signal with a tap from 
the D flip-flop shift register. 


Cas (Column Address Strobe) is produced between 123 and 
164 ns after RAS, depending upon when the first D flip-flop in 
the shift register synchronizes with the cycle request signal 
(C). Since this is greater than the specified maximum delay 
from RAS to CAS, this memory system is CAS access limited 
and RAS access no longer has any meaning. The CAS tap 
can't move up one D flip-flop to provide more time for memory 
access as this would not provide sufficient data set up time 
with respect to CAS during a write. 


Data 

The data path to the 2117s is through two sets of buffers to 
account for memory being off board. To determine bus timing 
it is helpful to know that Write data is not guaranteed to be 
valid from the 8085A until 40 ns after the leading edge of the 
write control signal. On account of this and the delay times for 
the buffers it is necessary to delay the cycle request on a 
write until the WR signal goes low. The solution shown still 
does not require wait states. An inhibit memory signal is also 
involved. This is useful when using memory address space 
overlap such as the case with bootstrap ROM (which would 
be necessary in this system if a full 64K of dynamic RAM is 


Refresh 


Dynamic RAMs are generally refreshed in two different 
modes; burst (i.e., all at once every 2 ms) and distributed 
(one row every (2 ms/number of rows) period of time). The 
schematic shown provides for a distributed refresh where 
refresh requests are applied to the Hold request input of the 
8085A (not shown). This signal needs to occur at least once 
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every 15 psec ((2ms/128 rows to be refreshed) - HOLD to 
HLDA delay) and can be generated through a baud rate 
timing chain, Intel 3222, one shots or other similar devices. 
Another approach to refresh could qualify the refresh cycles 
with program fetch cycles (use status lines). If program mem- 
ory is in static RAM or ROM and the dynamic RAM bus can 
be isolated, refresh cycles can be performed with no over- 
head. Instead of using the HOLD feature of the 8085A, refresh 
can be hidden in the program fetch and decode. Further 
considerations for refresh include proper handling of resets 
and excessive hold times from other peripherals to be certain 
the memory is being refreshed adequately. 


Some applications don’t require high CPU efficiency and re- 
quire a very inexpensive method to refresh their dynamic 
RAM. Since writing, reading or performing special refresh 
cycles all refresh a particular row, why not do “dummy” reads 
to refresh? To use this technique memory must be mapped 
on a one to one correspondence with the address space. 
This will allow the programmer to read one byte in each 
physical row in the 2117s, thereby refreshing that row. A 
simple software routine can be devised to refresh 16K bytes 
of RAM. If more dynamic RAM than this is desired it can be 
accomplished by specially enabling all the desired RAS sig- 
nals via an 8085A output port. First let's analyze how many 
CPU cycles are available in the 2ms period: 


2ms/(320 ns/cycle) = 6,250 cycles 
for 8085A@ 3.125 MHz 


2ms/(200 ns/cycle) = 10,000 cycles 
for 8085A-2@ 5.0 MHz 


If there is a convenient component that can count 8085A 
cycles (8085A CLKOUT) and interrupt the 8085A, you're 
home free. An example of such a device is the 8155 in the 
MCS-85 family. On the 8155 one can use the TO (timer out) 
pin to interrupt the CPU everytime a refresh needs to be 
performed and an interrupt service routine could dummy read 
128 consecutive locations and return to CPU operation. (128 
reads are necessary to completely refresh the full 16K bytes 
of 2117 memory.) The highest priority interrupt should be 
used for this to insure that refresh occurs. Figure 8 is an 
example program to perform this burst dummy read refresh. 
This routine basically uses 64 pops of the stack, each reading 
two consecutive locations in the memory. Note that this rou- 
tine destroys the contents of registers B, C and D in the 
8085A. The user may want to save these registers in the 
routine before performing the software refresh. If memory 
space is more valuable than CPU efficiency, the POPs can 
be performed in a loop instead of a string, saving additional 
memory. 


This routine requires 690 cycles which is about 11% of the 
available 8085A CPU cycles, or 7% of the available 8085A- 
2 cycles. If this is acceptable and there is a counter available, 
you can't find a cheaper way to do refresh. Note that as 
processor speeds become faster, this overhead becomes 
proportionately less and more attractive as an alternative. 
Again, as with any refresh routine, reset and excessive holds 
must be dealt with to guarantee proper refresh. 


tNote that Ta, now only applies to the high order address byte. TALL, for the 
lower address byte equals 90 ns. This was done to allow for additional TRAE 
time for data float. 


During initialization: 


MVI A, 05H SET TIMER COUNT TO 5550° FOR REFRESH COUNT 
OUT TIMER MSBYTE = 
MVI A, A4H INTERRUPT CPU AT TO (TIMER OUT) 
OUT TIMER LSBYTE 
MVI A,COH START COUNTER, PLACE CO IN 8155 STATUS REG. 
OUT TIMER COMMAND 
Program 
AT RST 7.5 RETURN ADDRESS CALL RFRS (REFRESH SERVICE) 
TOTAL #CYCLES 
CYCLES 
10 RFRS: LX! HL, 0 SAVE STACK POINTER IN HL 
10 DAD SP 
30 10 LXI SP, 0080 32K - 48K REFRESH 
10 POP BC 
10 POP BC REFRESH, DUMMY READ 
64 TIMES 
640 
6 SPHL RESTORE STACK POINTER 
4 El ENABLE INTERRUPTS 
20 10 RET RETURN 
690 TOTAL CYCLES (round up to 700) 


Figure 8. Software Refresh. 


*6,250 available cycles - 700 to do refresh. Counter should count 5550 
= 15A4H for 8085A; for 8085A-2 must count 10,000-700 = 9300 = 2454H. 
To set counter to automatic reload, most significant bits in timer of 8155 
must be set to 1. Therefore, for 8085A use DS5A4H and for 8085A-2 use 
E454H. 


DMA (Direct Memory Access) 


DMA is becoming more common in the microcomputer sys- 
tem for many applications. Some examples include the 8271 
floppy disk controller and refreshing a CRT via an 8275 CRT 
Controller. It is always helpful to reduce the overhead of the 
DMA (as DMA can tie up the system bus) whenever possible. 
In many applications, where program memory is resident in 
ROM or PROM, DMA cycles can be performed in coincidence 
with op code fetch. This will make them invisible to the CPU 
as described for Refresh in the Refresh section of the 2117 
dynamic RAM example. 


In the dynamic RAM system, Refresh requests can be made 
on the DMA controller via the DRQ lines, with the 8257 in a 
rotating priority mode to insure refreshing is done. Another 
technique would be to devise an arbiter for DMA and refresh 
requests at the processor hold input. With this technique the 


designer must not allow DMA to monopolize the bus when 
refresh is needed. 


The standard technique for interfacing the 8085A processor 
to the 8257 DMA controller is shown in the MCS-85 User's 
Manual and is reproduced in Figure 9. This configuration is 
set up to interface with standard memories or peripherals, 
i.e., ones that don't share their data bus with addresses, not 
the MCS-85 family components (8155, 8355, 8755A etc.). 
DMA is unlikely with these MCS-85 components as they are 
intended for minimum system applications. If the system has 
both MCS-85 and standard addressed components, and 
DMA is used for the standard addressed components, ALE 
must be or'ed with ADSTB from the 8257. This is necessary 
to deselect the MCS-85 components from the bus. Due to the 
latching feature of the MCS-85 components, bus contention 
may result if this is not done and DMA tries to use the bus. 
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Figure 9. Detailed System Interface Schematic. 
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SYSTEM TIMINGS 
8085A CLK-IN vs. CLK-OUT vs. Control! Timings 


This section shows timing characteristics that relate the input 
clock to the control signals and the output clock. These timings 
can be treated as constants, that is, within the normal opera- 
tive range of the processor, they are cycle or 8085A, A-2 
speed independent. 


Be careful about manipulating the timings given in this section 
with the specifications in the data sheet. The specifications 
on the 8085A, A-2 are not mutually exclusive; that is, you 
can't add minimums to minimums and obtain a valid mini- 
mum for some other timing parameter. Where the timing 
parameter is specified directly, this takes precedence over 
any other method you come up with to find that specification 
(through adding and subtracting others). This was not done 
to confuse the user, but to provide him with the most optimal 
timings for his system! 


To understand the timing parameters in this section It would 
be helpful to understand how the internal signals are gen- 
erated in the 8085A. Referring to Figure 10, it is seen that the 


Parameter 


tdaLu 


Description 


Time from C.F. to next Address valid (Ao - A7) 
Time from C.F. to next Address valid (Ag - Ay5 only) 


rising edge of the X1 input causes flip-flop A to toggle. From 
this flip-flop two internal signals are generated that drive all 
functions in the 8085A, A-2 and produce the output control 
signals and clock. Referring to Figure 11, it is seen that clock 
output is derived from the internal #1 signal in the schematic 
of Figure 10. This output signal is a MOS output unlike the 
bipolar outputs of the 8224 in the 8080A system. This re- 
stricts the user to the loading limitations of a MOS driver (For 
further details see bus loading section). The rest of the output 
control signals with their respective internal controlling edges 
are also shown in Figure 11. 


Since the path between the X1 input and the clock output can 
have a considerable amount of variance, the relationships of 
these two clocks vary significantly. Figures 12 and 13 are a 
set of timing diagrams illustrating the relationship of the clock 
input to the clock output to the various control signals. For 
designs that require these relationships to synchronize differ- 
ent systems, components, etc; the designer must allow for 
these variances in the relationships. 


ns 
tdat Time from C.F. to present Address remaining valid (Ag - A15 only) ns 
tdcr Time from C.F. to control low (L.E.) ns 
técT Time from C.R. to control low (T.E.) ns 
tdo- Time from C.F. to Data Out becoming valid ns 
toot Time from C.F. to Data Out remaining valid ns 
téps Data-in set up time to C.R. ns 
téDH Data-in hold time to C.R. ns 
toc Time from C.F. to ALE high (L.E.) ns 
to_T Time from C.R. to ALE high (T.E.) ns 

Time from X41 input to C.F. ns 


Time from X4 input to C.R. 


C.F. = Clock Falling, C.R. = Clock Rising, L.E. = Leading Edge, T.E. = Trailing Edge 


NOTE: These numbers are guaranteed by design and are not tested by Intel. 


8085A, 8085A-2 Clock Parameters 
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Figure 10. Clock and Sample Control Logic. 
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Figure 11. Clock In (X1) to Output Relationship. 
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Figure 12. 8085A-2 Clock In/Clock Out Timing. 
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Figure 13. 8085A-2 Clock Related Timing. 
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3.125 vs. 5 MHz Considerations 

The 8085A (with maximum internal clock frequency of 3.125 
MHz) and 8085A-2 (5 MHz) have some differences in their 
bus operation. There are two sets of peripherals that can be 
used with both the 8085A and A-2. There are the dedicated 
peripherals in the MCS-85 family that directly interface with 
the 8085A, A-2 bus and the standard MCS-80 peripherals 
that Intel also provides. The standard peripherals that are 
denoted 825X-5 (also the 8251A and 827X peripherals) are 
peripherals that can be used with an 8085A or 8085A-2. In 
the 8085A-2 system a wait state is required for proper 1/O 
operation, but even with this wait state system speed is still 
30% higher than the 8085A without wait states. An example 
wait State generator for this purpose is shown at the end of 
the peripheral compatibility section in this Application Note 
(Fig. 16). 


The main timing differences to consider when using an 8085A 
vs. an A-2 are listed in Table 1. 


Cycle dependent timings are listed in Table 2. These are very 
useful when the user is not operating at the full bus speed. 
Remember that each 8085A, A-2 device divides its clock 
input frequency by 2. Therefore, a 10 MHz crystal will produce 
a 200ns output cycle (denoted as T in the cycle dependent 
timings). A timing diagram showing the relationships of the 
timing parameters given in Table 2 can be found on the data 
sheets. 
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—Clock (crystal) requirements The 8085A, A-2 requires the 
following crystai specifications to run at top bus speed: 


8085A 6.25 MHz frequency, parallel resonant, funda- 


mental, 10 mwatt drive level, RS < 75 ohms, CL 
= 20-35 pf, and CS < 7 pf. 


8085A-2 10 MHz frequency, all other specifications the 
same as 8085A. 


—Memory and Peripheral Compatibility - Discussed in detail 
in upcoming sections. 


—Cycle dependent timings (Table 2) 


Table 1. 8085A vs. 8085A-2. 


Parameter 


tcyc 


tAC 
tHDS 
tHDH 
tINS 
tINH 
tLOR 


TT | 


3.125 MHz (8085A) 5 MH: 
(ns) (ns) 
Min | Max Cycle Dependencies Min | Max 


320 
1/2T—80 

20 1/2T—40 
15 1/2T-45 
1/2T-60 

0 1/2T-20 
1/2T-60 
1/2T-30 


1 
1 
1 


4 


nN 
So 
t=] 
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575 (5/2+N)T-225 
| 300 | —_(3/2+N)T-180 
1/2T-10 
1/2T-40 
(3/2+N)T-60 
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|_| __1eT-60 
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|| 
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150 


= 
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So 


42 


Nn 


(3/2+N)T-80 
1/2T-110 
3/2T-260 


1/2T-50 


1/2T+50 
3/2T-80 


‘0 
‘0 
0 T-50 


2 
27 
7 


1 
170 


1/2T+200 


i) 
N 
) 


2T- 180 


Where T = tcyc and N = the number of wait states that are incorporated. ' 
All mathematical operations in Table 2 are performed from lelt to right, except where qualified with parenthesis. 


z (8085A-2) 


Cycle Dependencies 


1/2T-50 
1/2T-50 
1/2T-20 
1/2T-50 
1/2T-40 


(5/2+N)T- 150 
(3/2+N)T-150 


1/2T-10 
1/2T-40 

~~ (3/24N)T-70 
1/2740 
(3/2+N)T-70 
1/2175 
3/2T—200 


1/2T+50 
3/2T-80 
T-85 


1/2T+50 


4/2T-130 


Memory Device Compatibility 


Determining What Memory to Select For Your Application 
When developing a system which will use sufficient memory 
to require buffering (see the capacitive loading section to 
determine when it is needed), it is important to understand 
how to select the slowest, lowest cost memory and still be 
compatible with the bus timings with minimum wait states. A 
generalized procedure has been developed in the following 
section for determining the memory access needed for dif- 
ferent applications and the number of wait states required 
(if any). In general the amount of time available for access- 
ing the memory can be obtained from the following formula: 
Available memory access = 8085A access time (from con- 
trol signal of interest) - Buffering/Decoding delay (to and 
from memory) 


The three main “control” signals of interest which determine 
memory access are that of tRDp (read to valid data in), tap 
(valid address to valid data in) and tLDR (address latch enable 
to valid data in). When dealing with different types of 
memories, one or more of these signals becomes important. 


Even though memory access compatibility is probably one of 
the most important parameters to consider, as this is directly 
reflected in the price of the memory, it is not the only param- 
eter that is important. Some of the other major timing con- 
siderations are as follows: 

WRITE ENABLE - Is the write enable signal sufficiently long 
to guarantee a write? 

Is data set up properly with respect to this write to be compat- 
ible with the memory’s requirements? 

Is data held long enough? 

DATA FLOAT - Does your system have sufficient margin to 
prevent bus contention? 

(i.e., Does the memory let go of the data bus in time for the 
Processor to use it? Remember that the 8085A shares its 
Data Bus with the lower 8 addresses.) 
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wo [95 | 30 


Figure 14. Minimum System. 


We will first go through the minimum system which can be 
represented by the dedicated set of components Intel has 
developed for the 8085A (Fig. 14). The two timing specs were 
taken from the data catalog for tap and tap (tLDR is irrele- 
vant here). Looking at the 8155/6 and 8355/8755A, a com- 
parison can be made for the access times: 


8085A (3.125 MHz) 8155/6 8355/8755A 
{RD 300 (max) 170 (max) 170 (max) 
taD 575 (max) 400 (max) 400/450 (max) 


This shows that there is plenty of bus margin for the 3.125 
MHz minimum application of the 8085A. Access time for the 
Processor can be interpreted as the time from when the con- 
trol signal is presented on the bus to the time when the pro- 
cessor will expect the data to be valid so it can sample it. 
Conversely, memory access times show the amount of time 
that will elapse between when it is told to present its informa- 
tion to when it actually does it. As long as the memory access 
spec is less than the processor access spec (minus appro- 
priate buffering delays) the memory is access time compatible. 
In more complicated systems where one level of data, 
address and control buffering is required (such as the case 
when there are many signal paths and device loading on 
one card), the delays of the latches and bidirectional 
drivers must be taken into consideration. 

First consider a ROM, EPROM or static RAM configurationt 
as shown in Figure 15. Using the generalized available mem- 
ory access formula, tAD, tRD and tLDR for the memory can 
be determined using the data sheet timing delays for the 
buffers. 


tThis configuration is compatible with the edge enabled ROMs discussed 
earlier 


(BUFFERS) 


OEMULTIPLEXED 
ADDRESSES 


DEMULTIPLEXED 
DATA 


Figure 15. Medium Buffered System. 


tap MEMORY = tap8085A — (8282 + 8205 delay) — (8286 
delay) + transitional gain due to buffering’ 
= tap85 — (Tivov + t--) — (Tivov) + (CAPB* 
= (5/2+N)T — 225 — 55 — 35 + 15 
= (5/2+N)T — 300 (for 8085A) 
(5/2+N)T -— 225 (for 8085A-2) 


where N = number of wait states and T = cycle time, 
For minimum 8085A timing 500ns = tap memory 
8085A-2 timing 275ns = tap memory 


The 8085A timing parameter ta_ was not taken into consider- 
ation as the 8282 transfers information directly through with- 
out concern of the address latch enable. tap can be obtained 
in a similar manner. 


The read signal RD goes through a buffer before it reaches 
the memory. This must be taken into consideration when 
calculating effective tap for the memory. 


'RD MEMORY = trp 8085A -— (buffer delay) — (8286 
delay) + transitional gain due to buffering 


= tRD 85 — (delay) — (Tivov) + tcaPB 
= (3/2+N)T — 180 - 30 - 35 + 15 
= (3/2+N)T — 230 (for 8085A) 
(3/2 + N)T — 200 ns (for 8085A-2) 


“Warps Is additional time thrown back in for improvement in signal transi- 
tions. This is because buffering the signals reduces the capacitive loading 
considerably. The data sheet gives timings for maximum capacitive loading. 
Characterization has shown change in delay versus capacitive loading as 
12 nsipf min (under 20 pF loading) and .24 ns/pF max (under 150 pF 
Soading). To take into consideration the effects of this loading two param- 
eters are defined: 


‘CAPA - delay for a signal to leave the old logic level 
‘capg-- delay for a signal to complete the transition from the old to new 


logic level 

where (capa = 1/2 tcapB 
MIN MAX 
‘CAPA 7ns 15 ns 
‘CAPB 15 ns 30 ns 


In the memory compatibility calculations t(CAPB min is added on as spec sheet 
values assume 150 pF loading and this system is not worst case, i.e., it has 
buffering that reduces this loading to approximately 20 pf. Since the CAP = 
130 pF and change in delay versus capacitance is 1/2 ns/pF min, tcapgMIN = 
(1. ns/pF) 130 pF = approx. 15 ns. 


For minimum 8085A timing 250ns = tap memory 
8085A-2 timing 100ns = tap memory 


With the new Intel Edge Enabled ROMs (2332, 2364) 
8085A ALE can be conveniently used for generating CE. 


Therefore for tLpR: 
tLDR MEMORY = t_pr 8085 -— (buffer delay) — (8205) 
— (8286) + tcapB 
= tLDR- (delay)-(t--)—(Tiyoy)+!CAPB 
= 2T -180 -30 -20 -35 +15 
= 2T -250 for 8085A 
= 2T —200 for 8085A-2 


For minimum 8085 timing = 390ns 
8085A-2 timing = 200ns 

To obtain memory access parameters for a multicard system 
(which would have buffering at both ends of the system bus), 
it is a simple matter of subtracting off the additional buffering 
delays. 
With these timings a memory compatibility table can be de- 
veloped from the data sheets (Table 3). With most of these 
memories it is relatively straightforward to determine the con- 
trolling signal used to select and enable the device. To illus- 
trate this, listed below are the controlling signals of interest 
for the different memories as they are used in a typical con- 
figuration: 


Relevant 
Control Signal 
RAM 
2114 
Address access - taD MEM 
Chip select access - tLoR MEM** 
2142 
Address access -tap MEM 
Chip select access - (LDR MEM** 
Output enable - tap MEM 
ROM 
2332, 2364 Address access -tap MEM 
Chip enables -tLDR MEM 
Output enable - (RD MEM 


**Chip selects for these static RAMs need not be qualified with ALE. If2114 
or 2142 chip selects are generated directly from the address lines, the 
relevant timing is tan MEM 


3.125 MHz 5MHz 
MINIMUM SYSTEM: 
STATIC RAM 8155/8156, (256x8) 8155-2/8156-2 
8185 (1Kx8) 8185-2 
ROM/EPROM 8355 (2Kx8) 8355-2 
8755A (2Kx8) 8755A-2 
BUFFERED SYSTEM: 
2114 (1Kx4) 2114-2 
STATIC RAM 2142 (1Kx4) 2142-2 
ROM/EPROM 2332 (4Kx8) ¢ 
2364 (8Kx8) 
2732 (4Kx8) 
2716-2 (2Kx8) 2716-2°* 


*Contact Intel for high performance EPROM/ROM Family. 


**With 1 wait state. 


Table 3. 8085A, A-2 Memory Compatibility. 
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In general, tap MEM and tLpR MEM are the parameters 
needed for chip enabling, selection and address access 
times, and probably are the most important considerations 
when determining which memory device to use. When there 
is an output enable, tRD MEM is also used. All relevant access 
times must be met by the resulting system configuration to be 
compatible. 


This note will not attempt to generalize a procedure that deals 
with the interface to dynamic RAM, but the 2117 example 
shown earlier is described below. In the dynamic RAM sys- 
tem, many variables come into play upon which the memory 
access is dependent. Among these are refresh controllers, 
decoding, whether or not the system is designed for minimum 
hardware or maximum performance, and consideration for 
nonmultiplexed vs. multiplexed address dynamic RAMs. 


For the Intel® 2107C, which has nonmultiplexed addresses, 
tAD is the important parameter as it generates the chip selects 
and chip enables. However, with a multiplexed address part, 
things are different and both a RAS and CAS access time 
must be considered. Note that since RAS is applied before 
CAS, RAS access time is effective only while the CAS signal 
Stays within the specified RAS to CAS delay time. If it is not 
possible to do this, CAS access becomes the limiting factor 
for memory selection. Don’t be mislead by the RAS to CAS 
maximum delay (tRCD: RAS to CAS delay time) spec’d on 
dynamic RAM data sheets! This maximum only applies to 
guarantee RAS access. 


For a specific example the following shows how the speed 
versions were selected for previous 2117 dynamic RAM inter- 
face. 


RAS path (from ALE) approximate delay 


5 gates 7ns ea 
1 Flip Flop 15 ns 
(return path) 2 8216s 25 ns ea 


CAS path (from ALE) approximate delay 


3 gates 7nsea 
1 Flip Flop 15 ns 
4 D Flip Flops 41nsea 


taccess AVAILABLE FOR RAS = 
tLDR — 5(7) — 15 — 2(25) = 360 ns 
tacCEess AVAILABLE FOR CAS = 


tLDR — 3(7) - 15 — 4(41) — 2(25) = 210 ns 


Since RAS available time — CAS available time is greater 
than the spec value for RAS to CAS delay on all 2117 specs, 
CAS access becomes the limiting factor. A CAS access of 
165ns of the 2117-4 is well within the time available. 


To verify the other 2117 specs such that there is certainty that 
this system will play, a comparison can be made of the timing 
specs in the 2117 data sheet to the timings that result in the 
Circuit configuration in Figure 8. When looking at the following 
timing comparisons, remember that the read cycle is initiated 
by the falling edge of ALE (Address Latch Enable) and the 
write from the falling edge of WR (Write). For descriptions of 
the parameters in Table 4, please refer to a 2117-4 data 
sheet. Delay assumptions used are shown in Table 5. 


TAKEN FROM 2117-4 DATA SHEET 


READ CYCLE 
MIN MAX 

tRAC 250 ns 
tCAC 165 ns 
tREF 2ms 
{RP 150 ns 

tCPN 25 ns 

tCRP —20 ns 

tRCD 35 ns 65 ns 
tRSH 165 ns 

tCSH 250 ns 

tASR Ons 

tRAH 35 ns 

tASC -10 ns 

tCAH 75 ns 

tAR 160 ns 

toff 70 ns 

tRC 410 ns 

tRAS 250 ns 

tCAS 165 ns 


DYNAMIC RAM CONFIGURATION 


MIN MAX 
Doesn't apply 
210 ns 
Not Shown 
279 ns 
472 ns 
193 ns 
Outside spec, CAS access limited 
177 ns 
300 ns 
55 ns 
82 ns 
-4ns 
205 ns 
410 ns 
See Below* 
720 ns 
307 ns 
198 ns 


*There are two parameters that the processor “sees™. One is memory ac- 
cess, which has already been covered. The other is when the memory will let 
go of the bus. To show compatibility here, the following analysis is done: 


2117 torr 
8085A trae 


70 ns max 
150 ns min 


Therefore compatible as WA Is used to deselect the 6216's. 


Table 4. Figure 7 Bus Compatibility Analysis. 
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TAKEN FROM 2117-4 DATA SHEET 


WRITE CYCLE 
MIN MAX 

tRC 410 ns 
tRAS 250 ns 
{CAS 165 ns 
twCS —20 ns 
{WCH 75 ns 
tWCR 160 ns 
(wP 75 ns 
t{RWL 100 ns 
tCWL 100 ns 
(0S Ons 
(DH 75 ns 
tOHR . 160 ns 


DYNAMIC RAM CONFIGURATION 


MIN MAX 


720 ns 
307 ns 
198 ns 
34 ns 
164 ns 
287 ns 
205 ns 
205 ns 
205 ns 
23 ns ** **Data Is not valid from the 8085A 
Data held until next cycle until 40 ns ater WA falls. 
Data held until next cycle 


Table 4. (Cont'd) 


The numbers in Table 4 were obtained by using the following 
Gdelay assumptions (Table 5) and very conservative tech- 
niques of obtaining minimum 8085A timings. Where no direct 
specification applied, minimum specs were added assuming 
0 ns for any rise or fall times. This is more conservative than 
"necessary. Another approach can be made from the clock 
nrelated timings discussed in an earlier section. 


—_—_ SS). 


DELAY 

MIN MAX 
Gates Ons 7ns 
Flip Flops Ons 15ns 
8216s Ons 30ns 
Geb bs ee ne (Min Ons for 

iming Chain) Ons 

3242 Ons 25ns  s¥Mchronization O FF) 
8212 Ons 30ns 


Table 5. Delay Assumptions. 


An exhaustive approach as Table 4 will more than pay itself 
back in terms of debugging the circuit. However, while this 
analysis may be helpful in understanding an existing circuit, it 
won't help as much in creating a new one. A general proce- 
dure for designing with memories is itemized below: 


1. Determine how much processor time is available for mem- 
ory access. Access from addresses is the most important 
parameter. 

2. Determine how much buffering will be used (both to and 
from the memory) and how much delay there will be due 
to decode or qualifications in the circuit (in the memory 
design in Fig. 8, WR qualifies a write). Subtract these 
resulting delays from step 1 to get an effective access for 
the memory. If multiplexed address RAM is used go to 3, if 
Not go to 4. 

3. Determine how the RAS and CAS timings will be gener- 
ated, be it one shots, delay lines, shift registers, etc. Adjust 
memory access available for the method chosen. 


4. Select a memory that meets this criterion. 


hal 


Design the system to meet all the specified parameters of 
the memory and verify. 


Steps 1, 2 and 4 have been done for you in the Memory 
Compatibility Table for ROM, EPROM and Static RAM mem- 
ories in a medium and minimum system. Remember - for 
dynamic RAM, Intel will soon be providing an 8202, a refresh, 
dynamic RAM controller that generates all RAS, CAS control 
signals for a 64 kByte memory (made of 2117s). 


Peripheral Compatibility - 3.125 and 5 MHz 

Intel supports its processors with many LSI peripheral com- 
ponents that do a wide range of functions to simplify circuit 
design. The 8085A compatible peripherals have been denoted 
the “—5” notation to show compatibility. The “—5" notation 
also signifies that these devices are compatible with the 
8085A-2 with one wait state interjected. This wait state is 
produced by taking the ready line low at the proper time as 
shown in Figure 16. 

A list of these peripherals is shown in Table 6 with corres- 
ponding relevant specifications to illustrate 8085A-2 compat- 
ibility. The analysis for determining the resulting timings is 
similar to the analysis in the previous memory compatibility 
section. 
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Figure 16. 8085A-2 Walt State Generator. 


Part No. 


8251A 


8253-5 


8255A-5 


8257-5 


8271 & 
8273 


8275 


8279-5 


AC. Parameter AC. Parameter vs. —2 Spec. 
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Pow Tt 30 
A 130 
ees ee eee ee eee = 
RL  - 65 
es “150 
a ee Le ee ee See eee 60 
ae ee ees ee ee 40 
po tow tt 130 
Powwow 30 
Pp tant 800 7130 
a ee ee Eee es = 
Jao 800 tC” “150 
| tmastwa Tw Cd 60 
a aes ea eee ee eee 60 
= 180 
Po tww Tt Cd 30 
a ee (eee eee ee 115 
ee ee es ee 95 
Ee ee Gee Ee ee et *350 
Po to tO "200 
a eee Ee ee ee eee 60 
pow tt 80 
ee ee ee ee ee 80 
A = “180 
a es ee ee ee "150 
A  ~ 60 
Po tow | tT thCd” 80 
ee ee ae ee ee ee 60 
| tan &tww | 50 TCS “180 
ee ee eee ee 115 
A 300 
a 200 
a > 60 
Po tow tts” 80 
Pow | tw 60 
ee "180 
| tacy | to00 J tC” = 
Po tap&taw Et Cd 115 
“With 1 “Wait State” 
Table 6. Peripherals vs. 8085A-2. **Must allow for In Software 
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Taaking note of asterisked margins shown on the comparison 
Shheet: tap. (RD. (RR and tow, it is seen that they are all 
talaken care of by introducing a wait state. The double aster- 
iskked margins deal with the tRy spec on the 8255A-5, 
82253-5 and 8279-5 peripherals. try is the time from the rising 
eodge of WR or RD to the next falling edge. To allow sufficient 
tinme for this spec it is necessary to delay the commands sent 
too these three peripherals. Enough dead time must occur to 
t™make up for the entire negative portion of the margin (for 
exxample: 790ns in the 8253-5 medium system). Since in the 
8#8085A-2 every machine cycle is at least 200ns long, 4 ma- 
dkh.ne cycles are sufficient time to allow peripheral control 
siignal recovery (try). 


One may notice that all of the 8085A instructions take at least 
44 T-states (providing a minimum of 800ns) giving ample time 
tco meet this requirement, just by programming one instruc- 
tation in between every command sent to the peripheral. I/O 
mmapped I/O, which results in using the Input, Output instruc- 
tions has this delay time built in when moving the data to be 
ttransferred into the accumulator. With memory mapped 1/O, 
Zany instruction that accesses memory for data will provide 
time time necessary to not violate tay as a second fetch 
mS performed. 


'Bus - loading considerations - decoupling 

tFor the cost conscious designer it is always helpful to know 
¥when buffering is needed and when it is not. How much can | 
Vload the 8085A output pins down? To answer this it is helpful 
‘10 first list the DC requirements of the common types of logic 
! loading and compare this to the capabilities of the 8085A. 


Maximum Maximum 
High-Level Low-Level 
Input Current Input Current 
TTL (single load) 40nA 1.6mA 
Schottky or HTTL 40unA 2.0mA 
MOS 10pnA 102A 
LSTTL (single load) 20uA 400uA 


The 8085A is capable of an IOL of 2mA (low) and IOH of 
~ 400A. With this spec it is easy to come up with the pos- 
sible combinations of D.C. loading that the designer can use 
without buffering: 


8085A, 
LOADS A-2 limiting factor 

arate (level) 

1TTL + 1 LSTTL make LOW 
1 TTL + 36 MOS* Re HIGH 
1 SCHOTTKY or 1 HTTL LOW 
40 MOS (various combinations possible) * HIGH 
5LS TTL LOW 


* Exceeds capacitive loading limit, to be discussed 


Hauser exceeds these DC loading limitations he must buffer 
that particular signal. Another factor that the designer must 
consider is the capacitive load that is seen by the 8085A 
outputs, which may very well be excessive even if DC loading 
is not. One may note that even though the 8085A can handle 
a DC load of 40 MOS devices or 36 MOS + 1 TTL, their 
collective input capacitances exceed the 150 pF max spec. 
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The timing specs of the 8085A are guaranteed as long as the 
150 pF maximum loading 1s not exceeded, which includes the 
wires, components and parasitics. If the user exceeds this 
value and wants to guarantee his system timing he must 
either derate the system timings or use buffering. 


What if you choose to ignore this limit and say you can live 
with the performance degradation? First the timing perfor- 
mance is not all that would degrade, a user must be willing to 
give up some reliability of his components (All MOS devices 
have this restraint). This is caused by the excessive switching 
currents that are needed for this extra loading capacitance. If 
reliability is not an important consideration, the user can load 
up to 300 pF on the 8085A bus, but the following correction 
factors must be used to adjust the timings: 


for 150 pF < 300 pF add .13 ns/pF 
conversely if less than 150 pF: 
for 25 < CL < 150 pF you can subtract .1/ns/pF. 


What happens after 300 pF? If the user exceeds this, the 
noise levels become excessive and problems will result. How 
much is to much noise? 350 mvolts zero to peak. Prudent 
designers will always buffer when noise approaches this level, 
especially in the case of going from one board to another. 


The above takes into consideration the actual specification 
considerations of when to buffer, but there are also transmis- 
sion line and noise effects that must be considered. When 
working with dynamic RAMs small (20-30 ohm) resistors are 
commonly put in series in the address lines to help match 
impedance levels and reduce reflections. Note that this re- 
sistor should be chosen such that it does not severely degrade 
the voltage levels of the signal. Long parallel board traces 
with signals that could adversely affect each other should 
also be avoided to prevent cross talk problems. 


By-passing is very important to prevent intermittent problems 
which often plague the board designer. Large bulk capacitors 
should be used at strategic locations on the board to prevent 
power supply droop. This becomes a major factor when there 
are many devices that can turn on at once and produce a 
considerable drain from the power supply (such as burst re- 
fresh in dynamic RAM). 


To help smooth out the current spikes that naturally occur 
when devices turn on and off, it is recommended to liberally 
use small capacitors such as the monolithic and other ceramic 
capacitors which have low inherent inductance. Attached in 
the 2117 data sheet is a suggested layout of capacitors to 
effectively bypass the supply lines to ensure proper system 
operation. Cutting corners here will often times turn around 
and bite you. 


Proper layout is an important consideration. Power supply 
lines should be well gridded to supply sufficient current to all 
areas of the board. A strong ground layout is advised to offset 
noise problems. Remember if the ground plane moves up in 
voltage because of excessive charge dumping in a particular 
area, the supply will drift up correspondingly. Sensing low 
levels often becomes an intermittent problem when proper 
ground is not provided. 


APPLICATION EXAMPLE 1 


MINIMUM SYSTEM APPLICATION AS A TEMPERATURE SENSOR 


Overview 

Following is an application example that illustrates the use of 
the interrupt and SOD pins on the 8085A, software for a block 
search routine, and the procedure for using and reading the 
8155 counter. It is a simple application showing the use of the 
small but powerful 3-chip MCS-85 system as a temperature 
sensor (SDK-85 board used). This example can be modified 
to be an accurate industrial temperature controller, for several 
locations if desired. 


The basic operation behind this application is a monostable 
multivibrator having its timing pulse duration controlled by a 
thermistor. The counter in the 8155 converts this timing pulse 
to a decimal count that is software mapped into a temperature 
and displayed in degrees C in the address field of the display 
in the SDK-85 Kit. For the purpose of keeping the software 
relatively simple, many approximations were incorporated into 
the code. 


Detailed Hardware 


The basic SDK kit was used for the initial hardware. This Kit 
provides for everything necessary to develop and debug a 
Program through the use of the SDK-85 monitor, keyboard 
and display board. The kit provides for 256 bytes of RAM 
resident in the 8155 and 2K bytes of ROM or EPROM where 
the SDK-85 monitor is placed. (See the Intel SOK-85 User's 
Manual for copy of monitor software code.) 


Figure 17 is a schematic of the SDK-85 Kit with only one 8155 
and 8355. There is no buffering in this system as all compo- 


nents are on the same board and far below the maximum 
component loading. A monostable multivibrator (74121) is also 
shown with a thermistor connected to RE/CE. 


The SOD output pin from the 8085A is used for the purpose of 
starting the monostable multivibrator in generating its tem- 
perature controlled timing pulse. This pulse is created by the 
RC time constant provided for by the thermistor acting as a 
variable resistor and a .1uF capacitor to put the timing pulse 
in the desired timing range. 


The inverted output of the monostable multivibrator (one 
shot) has been directly connected to the RST 6.5 pin on the 
8085A. Since this pin is high level sensitive, it is necessary to 
disable interrupts in the program until after the pulse from the 
one shot goes low. 


The hardware addressing in the configuration shown allows 
for several code spaces that could be used. The RST and 
TRAP interrupt lines on the 8085A also have hardware start 
addresses but many of these are altered by the SDK monitor. 
Table 7 should be useful in understanding the addresses 
used in the software that follows. Each memory/ I/O compo- 
nent in the basic SDK-85 system ts enabled by a signal com- 
ing from the 8205 address decoder. Since no expansion chips 
are used, output enables 00 (8355 monitor ROM), 03 (8279 
Keyboard) and 04 (8155 RAM) were the only ones needed. 
Additional memory and/or I/O could have been incorporated 
using other output enables from the 8205. 


Memory/ I/O Device Function 
8155 RAM space 
8355 ROM space 
8279 Keyboard/display 
controller 


stack pointer 


Output from 8205 code space 


04 2000 - 20FF 
(20 - 20FF are reserved 
for monitor RAM locations) 
00 0000 - O7FF 
03 1800 - 1FFF 


Since the monitor uses locations 10C8 through 20FF, 
the stack pointer must be initialized to 20C8 or less. 


8085A jump address Usage monitor mapped address 

trap 24H TO of 8155 0157 - ROM 
RST 5.5 2CH 8279 interrupt 028E ~ ROM 
RST 6.5 34H oneshot interrupt 20CE - RAM 
RST 7.5 3CH vector interrupt 
1/0 ports address Function 

00 Monitor ROM Port A (8355) 

01 Monitor ROM Port B (8355) 

02 Monitor ROM Port A (8355) Data direction register 

03 Monitor ROM Port B (8355) Data direction register 

20 Basic command/status register 

21 Basic RAM Port A 

22 Basic RAM Port B 

23 Basic RAM Port C 

24 Basic RAM LOW order byte of timer count 

25 Basic RAM HIGH order byte of timer count 


Table 7. Addressing 


ee 
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CODE LINES 


SUBROUTINE ADJUST 


RESET MODE BITS 


RESET CARRY AND. 
ROTATE RIGHT 
THROUGH CARRY 


179-199 


CODE LINES 


INITIALIZE 
STACK POINTER 
DISABLE INTERRUPTS 


START COUNTER @3FFE 
PULSE ONE SHOT 
ENABLE INTERRUPTS 
INTERRUPT a 

FROM TEMP 


SENSOR? 


18-23 


28-32 


ADD IN % FULL COUNT 
FULL COUNT-1) IF OOD) 


SUBROUTINE SEARCH 


COMPARE MEMORY 
TO COUNT 


118-144 


ves 


STOP COUNTER 
an REAO VALUE IN 
COUNT 
LESS THAN 
MEMORY? 
CALL COUNTER 
ADJUST ROUTINE 
INCR MEMORY POINTER 
LOOP 8 TIMES 
CALL SEARCH 
ROUTINE 
DECREMENT 8 BYTE 
COUNTER 
ENTIRE 
BLOCK SEARCHED? 
69-74 SEARCH SOFTWARE MAP 79-82 


SUCCESSFUL? TEMP. IN DEG. C 


EXPAND TEMP, DISPLAY 
FOR DELAY PERIOD 


BELOW 
RANGE? 


SUBROUTINE TOO LOW | SUBROUTINE TOO HIGH 


OUTPUT 1's TO OUTPUT 1's TO 
101-105} “"ponata — [98-1121 porte 


RETURN TO 
MONITOR 


Figure 18. Temperature Sensor Flow Diagram. 
a 
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Software 

Tithe software (at end of section) for this application illustrates 
Several features of the 8085A, such as the programming of 
the SOD line, interrupts and 8155 counter. Additionally, an 
ezxample of a block search routine is illustrated. 


FFigure 18 is a flow diagram of the program. It has been cross 
tateterenced with program lines to the actual software for the 
taeader's convenience. Following through the flow diagram it 
isis seen that the interrupts are disabled in the beginning as the 
Ome shot is outputting a high level on its Q output and interrupt 
Ppin 6.5 is high level sensitive. However, this high level will not 
Ohe recognized until the level goes low and then high again. If 
tithe user would prefer a positive pulse interrupt the 8085A a 
@dual one shot can be used with one triggering the other, or 
Rust a simple inverter. Starting and loading the counter is as 
Gdescribed in the 8155 data sheet with the Port addresses 
theing given in the previous Table (7). Code lines 18-23 repre- 
ent placing the counter in the counter mode (single terminal 
count pulse at the end of count) and starting the count, having 
t&he count clocked by the 8085A clock out pin. Reading the 
©counter is not as straight forward and will be approached 
shortly. Code lines 28-32 are representative of programming 
tithe SOD line to output a pulse. This pin is intended for serial 
UO interfaces such as a teletype, but as seen in this applica- 
tton, it can also be used as a single I/O port. 


AAtter the pulse is presented to the one shot, the interrupts 
senabled, the processor idles (lines 36, 37; Halt could have 
Resi as easily been used) until interrupted. Through the design 
Cof this application it was known that the down counter would 
never reach terminal count, as it is only being used as a pulse 
tlo digital count converter. 


“To read in the count value it is best that the counter is first 
: stopped. The least and most significant bytes of the count 
Ulength register in the 8155 are read using the same port 
+ addresses as was used during loading the counter, as seen 
i in code lines 42-47. If one looks at this value and knows how 
1 many pulses occurred, he would come to the conclusion that 
there is a gross discrepancy! The reason for this is that the 
* Counter in the 8155/6 was designed to make its square wave 
‘ function generation easy and when used in the counter mode, 
it counts by two's. For this application (where length of time is 
| mapped into a temperature) and other similar event timing 
applications it is imperative to have an intelligible count re- 
turned from the 8155. 


The counter in the 8155 is essentially a count down by 2 
counter. After it counts down by 2 the initial value loaded by 
the user, it reloads the initial count (initial count —1 if odd) and 
counts down by 2 again until terminal count is reached. When 
treading the counter, the least significant bit of the counter 
Goes not represent the least significant bit of the count, but 
which half of the countdown operation you are in. If this bit 
equals 1, the 8155/6 counter Is counting down by 2 in the first 
half, and if it is zero you are in the second half of the opera- 
ton. Because of this method of down counting there are two 
restrictions placed on its use: 
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1. The user can not use the initial value of 1 to detect only 
one pulse. 


2. The user can not discern (through reading the counter) 
whether exactly one or two pulses on the timer input pin 
has occurred if he loaded in an Initial odd count (does not 
apply to even). After three pulses the user can determine 
exactly how many pulses occurred. Note that this restric- 
tion only applies to reading the counter, the TO pin pulses 
correctly after the correct number of pulses regardless of 
what is read from the counter. 


The first pulse to the 8155/6 counter (high level sensitive) 
loads the count length register, which says that the counter is 
not readable until a pulse occurs. If the user tries to read 
before a pulse is provided he will read a previous or old 
value. Now what is done with the value read? 


Good question. An adjustment routine to convert this value 
read to an actual count can be summarized as follows: 


. Read in 16 bit count length register. 

. Reset the upper two bits (mode bits). 

. Reset carry and rotate right all 16 bits through carry. 

. If carry is set add 1/2 of full original count (1/2 (full count 
—1) if full count is odd). 


Pons 


In the software for this application is a general purpose rou- 
tine to do this; lines 179-199. To call this routine it is assumed 
that the lower order byte of the counter Is in register C, higher 
order byte in register B and full original count isin HL. Con- 
tents of H, L, 8 and C are destroyed returning actual count 
In BC register pair. To obtain the number of pulses that 
occurred, subtract this number from full original count and 


add 1, 


Converting this remaining count to an actual temperature can 
be done by various methods but it was chosen to do a soft- 
ware map through the use of a block search routine. Table 8 
presents approximations of what the remaining count should 
be for each temperature. To keep the software simple It was 
only necessary to compare the most significant byte to a list 
to find the appropriate temperature. This search routine is set 
up to find a “less than” match, incrementing the HL register 
as a pointer when a compare is made. The code for this 
search routine is in lines 118-144 and is optimized to be a fast 
8 byte block search. This search routine can be made to 
search for a match by replacing all return on carry with return 
on zero. The performance of this subroutine is as follows: 


Byte time = (11 + (166/8) N) CC/N = (11/N + 20.8) CC 
where: CC = microseconds per clock cycle 
N = total number of bytes searched 
Byte time = time per byte searched 


remem | 
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Foor an example with N = 256, CC = .32 usec at 3.125 MHz; 
Byyyte time = 6.7 zsec. A match search routine with minimum 
™eéemory usage is given below: 


Seearch 


DCR C 
JNZ search 
STC 

RET 


compare byte 

return if match 

else increment pointer 
has the entire 

block been searched? 
If so set no match flag 
and return. 


(nn this application, a user may want to have several tempera- 
tuure ranges which can be swapped in and out with a block 
mmove subroutine. Similar code can be developed for this as 
Sishown below for a 4 byte move group: 


BBLKMV  LXI.H, OOOH 
DAD SP 
SHLD SAVESP 
MOV H, B 
MOV L, C 
SPHL 
XCHG 

LLoop POP B 

POP D 

MOV M, C 

INX H 

MOV M, B 

INX H 

MOV M, E 

INX H 

MOV M, D 

INX H 

OCRA 

JNZ Loop 

LHLD SAVESP 

SPHL 

RET 


clear HL 
move SP to HL 
save sP 


_ move Block move 


Source address 
To SP 

Move Block move 
address to HL 


fetch four bytes from 
source store 1st byte 
at destination 


2nd 

3rd 

4th 

check for end of 
Block move 
return old 


SP 
return 
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Once the count less than match is found in the application the 
HL register has 10 added to it which points it at the corre- 
sponding temperature (lines 79-82). This temperature is then 
displayed in the address field of the SDK 85 display using 
user available monitor routines. If the temperature is out of 
range the code detects it (lines 69-74) and outputs 1's on Port 
A or Port B if the temperature was too low or too high respec- 
tively (lines 101-105 “too low” and lines 108-112 “too high”). 


APPLICATION EXAMPLE 2 
CRT INTERFACE 


Most microprocessor systems require some sort of 
serial communications. This may be selected for 
reasons of economy (to reduce the number of 
interconnections required in a distributed system), 
or it may be necessary in order to communicate 
with such common peripherals as CRT’s or tele- 
typewriters. 


These peripherals all use a standard convention for 
transmitting serial ASCII code. Each data byte is 
transmitted as a series of 10 or 11 bits. The uni- 
form time per bit corresponds to the data trans- 
mission rate. For example, if the transmission rate 
is to be 2400 baud (2400 bits per second), each bit 
time must be 1/2400 bps = 416.7 usec/bit. The 
standard 10-bit sequence consists of a logically 
zero “Start” bit, 8 data bits (least significant bit 
first), and one or more stop bits (logic 1). An 
11-bit sequence with two stop bits is used for 110 
baud TTY’s. The logic one level continues until the 
start bit of the next byte to ensure that each 10-bit 
sequence is initiated with a one-to-zero transition. 
The 8 bits transferred might be raw binary data or 
alphanumeric characters using the standard ASCII 
code. In this case, the most significant bit — the 
last data bit transmitted — will depend on the 
parity convention being used. This sequence is 
illustrated for the ASCII “space’’ character in 
Figure 4. 


The algorithm for receiving serial code involves 
sampling the incoming data at the middle of each 
bit time. The eight sampled values are shifted into 
a serial byte corresponding to the data originally 
transmitted. The one-to-zero transition at the 
beginning of each byte makes it possible to syn- 
chronize the sampling points relative to the start 
of each data sequence. 


Hardware Interface 


In general, any serial communications system will 
require both hardware and software interfaces. 
Since the SOD line can drive only one TTL load, 
additional current and voltage buffering is required 
to be compatible with the RS-232C interface 
standard used by most peripherals. A schematic for 
achieving this buffering is shown in Figure 5. The 
MC1488 and MC1489 circuits interface positive 
logic TTL signals with the RS-232 high voltage 
inverted logic levels. 


Software Package 


The software needed to drive the CRT interface is 
divided into three parts. All three use software 
timing and delay loops, with fixed and variable 
parameters. In conjunction, they are able to 
identify incoming signals at any rate from below 
110 to over 9600 baud and respond at the same 
rate. 


STOP 
BITs 


Figure 4. ASCII Space Character 


CRT DATA OUT 


o 
i 
O SIGNAL ©0090 C0000 0 


0.90 0 
GROUND nf) 


Figure 5. RS-232C Interface Schematic 


Upon power-up or reset, or when the console 
delevice baud rate is changed, the baud rate identifi- 
cation subroutine (BRID) is called. This routine 
weaits until an ASCII space character (20H) is 
reeceived from the console. (Any other character 
will result in a case of mistaken identification.) 
When a space character is received, two time 
parameters are computed which correspond to the 
boit time and one-half the bit time of the baud rate 
bbeing used. These are stored as variables BITTIME 
zand HALFBIT. To output a character to the con- 
swole, the character code is placed in register C, and 
lithe subroutine COUT is called. This routine uses 
EBITTIME as a parameter for the software delay 
kiloop which determines the baud rate. To accept ¢. 
echaracter from the keyboard, CIN is called. CIN 
nretums after the next key is typed, with the corre- 
ssponding character code in register C. CIN uses 
Eboth parameters BITTIME and HALFBIT. 


{Since COUT and CIN use time parameters com- 


 gputed by BRID, they will function at a rate the 


!same as that of the initial space character input. 
‘Because of the nature of the software, the rate 
« éoes not depend on the CPU clock frequency. This 
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results in additional flexibility in the following 
respects: 


1. The software does not need to be modified 
if the 8085 crystal frequency is changed or 
Wait states are added. 


Since the time base is no longer critical, the 
quartz crystal could be replaced by a less 
expensive RC network, provided the fre- 
quency does not drift by more than a few 
percent during a session. Additional drift can 
be accommodated by periodically recalling 
the BRID routine. 

3. Communication is possible at non-standard 
baud rates which relaxes the constraints on 
system peripherals. 


It should be noted, though, that slowing down the 
CPU clock will decrease its throughput proportion- 
ately. In addition, it will degrade the maximum 
resolution of the delay loops, with the result that 
the highest baud rates may no longer be achievable. 


Nv 


A more detailed analysis of the CRT interface 
routines will be presented in the order of increasing 
complexity: COUT, CIN, and BRID. Since SID and 


SOD are ideal for many applications which involve 
critical 1/O timing, the timing techniques used here 
may be of interest to software designers. Accord- 
ingly, the mathematical derivation of the timing 
parameters is included in this analysis, as well as a 
justification for the BRID aigorithm. The algebra 
involved might be a bit too tedious for designers 
unconcerned with generating software delays. If so, 
they (and other bored readers) have the freedom of 
choice to skip over the sections they find objec- 
tionable. 


OUTPUT ROUTINE 


It would seem natural to write data in the standard 
format in three stages: output a zero start bit, then 
the 8 data bits (using a loop sequence), then the 
stop bits. Each stage would incorporate its own 
appropriate delay and output sections, leading to 
unnecessary duplication. Instead, the code below 
executes the same main loop 11 times. Its bit 
manipulation routine inherently results in the cor- 
rect data sequence being formed. It accomplishes 
this by using the carry and C register as a 9-hit 
pseudo-circular shift register. Initially CY=0. The 
algorithm outputs CY, waits one bit time, sets 
CY=1, and then rotates the pseudo-register right 
one bit. This repeats for 11 cycles. On the tenth 
and all subsequent loops, the output bit will be a 
logical one, since that bit had been set nine loops 
earlier while in the CY (see Figure 6). 


When COUT is called the registers to be used must 
be preserved and interrupts disabled so the timing 
loop will not be disrupted. Clear the CY in prepara- 
tion for outputting the start bit, and set the loop 
counter for 11 bits (if 110 baud will never be used, 
the counter could be set to 10): 


COUT: PUSH = 8 


PUSH oH 

Or 

MPR A 
MYI @.44 


Col: MYT P, 86H & 
PPR £4) 
SIM “4> 


The numbers in brackets indicate how many ma- 
cine cycles are required for each instruction. They 
will be referred to in the timing analysis section. 
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Figure 6. Data Serialization Algorithm 


Get stuck in a loop for the appropriate time (don’t 
worry for now how “BITTIME” is determined): 


LHLD = BITTINE <16> 
Co2 bLR L 
JNZ coz 0) 
ocr H «b> 
JNZ co2 hb 


Rotate the contents of register C right into the CY, 
while moving a one into the left end. Continue 
until all bits have been transmitted: 


STC <4> 
McY AC 44> 
PRR “4> 
HOY CA 44> 
ocr eB “4> 
JNZ cot 410 


Restore processor status and retum: 


POP H 

POP 8 

EI 

PET 
SNPPUT ROUTINE 


Thee console input routine uses the opposite pro- 
<Sduure; instead of moving a bit from register C to 
2: CY, then to Az, then to SOD, CIN loads a bit 
=>onm SID into A7, then moves it to CY, then into 
PSzidster C, 

Firsst, set up the CPU as before: 


CIN: PUSH OH 
1 
MYT 8.9 


Wheen a start bit transition arrives, the first sam- 
Ftinng should not be taken until the middle of the 
Airset data bit, one and one-half bit times after the 
trannsition. Await the start bit transition, then set 
=p tthe delay parameter for one-half bit time: 


Cli: RIM <4> 
OPA A <4> 
JM cht 4?) 


LHLO = HALFIT <1€> 


Looop for one-half bit time before starting to 
-2mnple data: 


Cla: pCR L () 
JNZ Cl2 (D> 
DCR H (DB) 
INZ Cl2 (b> 


*aiuit until the middle of the next bit before sam- 
rlinng SID, then move the data bit into CY: 


C13: LHLD BITTIME 41> 


CI4- DER L (D) 
JN2 Cl4 (D) 
CCR H (D> 
JHZ cl4 «D) 
RIM <4> 
PPL <4> 


Deccrement the bit counter. If this is the ninth 
=yckle, the 8 data bits are in register C, so quit (the 
=rstit stop bit will already have been received, and 
sé ilin CY): 


ocr 8 <d> 
J2 C15 > 


Otherwise, continue. Rotate the data bit right into 
register C, and repeat the cycle: 


MOY ALE 44> 
PAR <4) 
MOY GR “> 
NOP <4) 
JMP C13 “18> 


(A NOP is needed to make the COUT and CIN 
loops exactly equal in number of machine cycles, 
so that each can use the same delay parameter.) 
Restore status and return. 


CIS; PoP H 


TIMING ANALYSIS 


COUT and CIN now need to be provided with 
parameters for BITTIME and HALFBIT. It can be 
seen from the above code that each routine uses 
61+D machine cycles per input or output bit, 
where D is the number of cycles spent in either 
four line delay segment. If (H) and (L) are the 
contents of the H and L registers going into this 
section of code, then: 


D = 22+((L)-1) X 14+((H)- 1) X 
((255 X 14) +25] (1) 
If (H) = (H)- 1, (L) =(L)-1, and 
(HL) = 256 (H) +(L) (2) 
then , ’ 
D = 22+14 (L) +3595 (H) (3) 


This can be approximated by: 


D = 22+14 (HL) (4) 


This approximation is exact for (H) = 0; otherwise, 
it is accurate to within 0.3%. Thus each loop of 
COUT or CIN uses a total of: 


C = 61+D = 83+ 14 (HL) machine cycles (5) 


Each machine cycle uses two crystal cycles in the 
8085, so the resulting data rate is: 


cycle frequency 
Cc 


= (crystal frequency) +2 (6) 
83 + 14 (HL) 


B= 


_ see 


For a typical calculation, see Example 4. 


EXAMPLE 4 


To produce 2400 baud with the standard 6.144 MHz 
crystal: 
_ (6.144 X 106) +2 

83 + 14 (HL) 


6.144 X 106 +2 
( 2400 ae 


6.144 X 106 +2 
> ( 2400 ) ss] 


+14 = 85.5 = 86 


2400 


14 (HLY 


(HLY 


’ 


(HL) 86109 = 0056H 


(HL) 


0157H = BITTIME 


To determine the true data rate this parameter will 
produce, substitute into equation (6): 

6.144 X 106 +2 
Date Rate = 83 + 14(86) 


2387 baud, which is 0.54% slow. 


For 9600 baud, the same calculations will yield (HL) 
= 17, which is actually 0.3% slow; a sizzling 19200 
baud or 38400 baud could each be generated to with- 
in 5% if (HL) =6 or 0! Table | presents the param- 
eters for several standard baud rates. 


Notice that the resolution of the delay algorithm — 
the difference between bit times resulting from 
parameters which differ by one — is 14 machine 
cycles. As a result, the true bit delay produced can 
always manage to be within +2.3 psec of the delay 


Table 1 


desired. This guarantees that at rates up to 9600 
baud, where each bit time is at least 104 usec wide, 
some value of BITTIME can be found which will 
be accurate to within 2.2%. 


BAUD RATE IDENTIFICATION ROUTINE 


The function of BRID is to compute the appropri- 
ate parameters BITTIME and HALFBIT. It accom- 
plishes this by observing the data pattern received 
when the space bar is pressed on the console 
device. Since a space character has the ASCII code 
20H = 001000008, the pattern represented back in 
Figure 4 is transmitted. Notice that the initial zero 
level is 6 bits wide. Suppose it could be determined 
that this corresponds to M machine cycles. Then 
one bit would correspond to (M*6) machine 
cycles. The reason for dividing down a space 
several bits long is so that any distortion caused by 
the signal rise and fall times, or any lack of pre- 
cision in detecting the two transitions, will be 
reduced by a factor of six. Since the bit period of 
COUT and CIN is 83 + 14 (HL), BRID must gener- 
ate a value (HL) such that: 


M+6= 83+14 (HL) (7) 

(HLY = mn 6)- 83 (8) 
’ M : 

(HL) = 4 —6 (approximately) (9) 


This value can be determined by setting register 
pair HL to -6, then incrementing it once every 84 
machine cycles during the period that the incom- 


DELAY PARAMETERS FOR STANDARD BAND RATES USING 6.144 MHz CRYSTAL 


TARGET 
BAUD 
RATE 


(HL) 46 
(See Text) 


(HL) 49 
(See Text) 


(HL) or 


BITTIME 
(See Text) 
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ACTUAL 
BAUD RATE 
PRODUCED 


HALFBIT 


ing signal is zero. BITTIME is then obtained by 
individually incrementing registers H and L. To 
obtain HALFBIT, divide the value of (HL) deter- 
mined above by two before incrementing each 
register, 

In order to implement this algorithm, set HL to -6, 
verify that the incoming signal is a logic one, then 
wait for the start bit transition. 


BRID: MYT A, BCAH 


SIM 

L¥I H. -SH 
BPI1. RIM 

ORA A 

JP BRI1 
PPI2. PIM 

ORR A 

JH BR I2 


Increment register pair HL, then delay so that each 
cycle will require 84 machine cycles: 


BRIZ: TNX B ay 
MYT E. 84H @> 

BPI4: OCR E £93) 
JNZ BPRI4 ae 


Check if SID is still low. If so, repeat: 


PIM “> 
ORA A «4> 
JP PRIZ “48> 
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Otherwise continue. Store HL temporarily for the 
HALFBIT calculation. Obtain and store BITTIME: 


THP 


SHLD 


L 
BITTIME 


Restore HL, calculate HALFBIT, and return: 


POP 
OPA 
Moy 
PPR 
Moy 
ent 
PAF 
HOW! 
THe 
Ne 
SHLD 
PET 


H 
A 
AH 


H.8 
fet 


LP 
4 
1 


HELFEIT 


The assembled listings for these subroutines, along 
with a simple test program, is presented in the 


Appendix. 


APPLICATION EXAMPLE 3 
CASSETTE RECORDER INTERFACE 


There are many situations where data has to be 
transmitted through a non-ideal medium. To give 
three typical examples, a system with electrically 
isolated elements might require that signals be AC 
coupled, communications through an audio net- 
work (such as telephone or radio) are greatly band- 
width limited, and some applications (such as a 
distributed network in an industrial environment) 
must tolerate random electrical noise. Attempting 
to record data on a cheap cassette recorder (the 
one used for this note cost $17.00) will reveal all 
of these shortcomings, plus one: The tape speed 
fluctuates significantly and varies as the batteries 
run down, hence the data rate is inconsistent. 


The recording scheme used here makes very few 
demands on the transmission medium. It makes no 
attempt to transmit DC voltage levels. Instead, data 
is transmitted by a series of variable length tone 
bursts. The dominant frequency of the tone used 
can be selected to be within the passband of the 
particular medium. Data is transmitted with each 
bit composed of a tone burst followed by a pause. 
The first third of a bit period is always a tone 
burst, the middle third is either a tone burst con- 
tinuous with the first or a pause corresponding to, 
respectively, a one or zero, and the final third is 
always a pause, as shown in Figure 7. Thus, data is 
distinguished by the burst/pause ratio. 


Hardware Design 


These tone bursts are obtained from the 8085 SOD 
line, using analog signal conditioning to eliminate 
the DC component of the waveform. (This low 
frequency component is due to the single-ended 
nature of the SOD line: it’s deviations from ground 
are all positive, which unbalances the capacitive 
input stage of the recorder.) A suggested interface 
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circuit is shown in Figure 8, using one LM324 
quad op amp and a few standard value discrete 
components which should be available in even a 
digital design laboratory. On playback, analog cir- 
cuitry is again used to detect the presence of a tone 
burst. In Figure 8, A2 buffers the incoming signal, 
and A3 inverts it. The peaks of these two signals 
are transmitted through D1 or D2 and are filtered 
by an RC network. Comparator A4 then squares 
up the output and produces the logic signal read 
by the SID pin. Since the op amps are powered by 
the single 5-volt supply, a 2.0-volt reference level 
is obtained from a resistive voltage divider. The 
waveforms present at several points in the circuit 
are shown in Figure 9. 


Software 


The algorithm for reading a data bit off the tape is 
simple and straightforward: If the tone burst is 
longer than the pause, the bit is a one. Otherwise, 
it is a zero. Since only the time ratio is considered, 
any variation in tape speed will not affect the data 
determination. 


VOLUME CONTROL 


A question that arises with any audio cassette inter- 
face is how to set the volume control. (Recording 
level is usually determined internally.) When the play- 
back level is correct, the logic signal output from A4 
will have either a one-third or two-thirds duty cycle 
This can be readily observed with an oscilloscope. In 
the field, an old-fashioned mechanical-type voltmeter 


could be connected to the A4 output, and the volume 
adjusted until the meter needle hovered somewhere 
between 1/3 and 2/3 the high level output voltage. 
With random data, the reading would be about 2 
volts. There will be a fairly wide range of acceptable 
volume settings. (Since the quivering meter needle is 
being used here for inertial signal averaging, a digital 
voltmeter would not be very helpful in this applica- 
tion.) 


Vou 
$00 OUTPUT - 
Vou 
TIME 
| | — 
ee ee 
DATA “Oo” OaTa" 1” 
Figure 7. Tape Interface Data Recording Scheme 
0.001 pF 
RECORDER 
AUX 
INPUT 
RECORDER 
EARPHONE 
OuTPUT 


NOTES: Al-A4; %LMI324 QUAD OP AMP 
01-02. ANY LOW CURRENT DIODE 
ALL RESISTORS :5% 


Figure 8. One Chip Magnetic Tape Interface Schematic 
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Tone sunst —+{ 


COMPARATOR 
LEVEL 


RECONSTRUCTED SIGNAL 


Figure 9. Analog Signal Waveforms 


After the CRT software analysis, the tape routines 
are almost trivial. TAPEO is a subroutine for out- 
putting the contents of register C to a cassette 
recorder. TAPEIN reads 8 bits into register C. 


OUTPUT ROUTINE 


TAPEO calls a subroutine named BURST three 


times for each bit If Ag (the SOD enable bit) is set 
when BURST is called, a square-wave tone burst 
will be transmitted. If Ag is not set, BURST 
simply delays for exactly the same amount of time 
before returning. The three calls are used to, 
respectively, output the initial burst, output the 
data burst/space, and create the space at the end of 
each bit. Nine bits will be output: the eight data 
bits (LSB first) followed by a zero bit. The start of 
the initial burst of the trailing zero is needed to 
mark the end of the final space of the preceding 
data bit. 


Start each bit by outputting a tone burst: 


TAPEO: MYT B.9 
TOL: MY! A, OCEH 
CALL = BURST 
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Rotate register C through CY: 


MoV AC 
RAR 
mov CA 


Move CY to the SOD enable bit position, Ag. 
Simultaneously set A7 to one, and clear all other 
bits. Output a tone burst or space, depending on 
the previous contents of CY: 


MVI A. B1H 
RAR 
RAR 
CALL = BURST 


Clear the accumulator, and output a space: 


¥RR 
CALL 


A 
BURST 


Keep cycling until the full 9-bit sequence is fin- 
ished: 


DCR B 
JNZ TOL 
RET 


The BURST subroutine executes the SIM _ in- 
struction CYCNO times, at intervals of 29 +14 
(HALFCYC) machine cycles. In between each SIM, 
bit A7 is complemented. CYCNO should be an 
even number. If Ag is set upon calling BURST a 
square-wave will be created. Otherwise, the same 
code sequence is followed but SOD does not 
change — thus a space results. 


BURST: MYT 0, CYCNO <?> 
Bui SIN <4) 
MYT E,HALFCYC = -<?> 
BUZ DCR E coo 
INZ Bue C7718 
RI 80H <?> 
DCR 0 <4> 
JNZ BUL 7/18) 
RET <1 


INPUT ROUTINE 


TAPEIN uses a subroutine called BITIN to move 
the data at the SID pin into the CY. The maximum 
rate at which SID is read is limited by a delay loop 
in BITIN. 


Initialize the bit counter and the register D, which 
will keep track of the tone burst time. If a tone 


oe 


burst is being received when TAPEIN is called, 
wait until the burst is over: 


TAPEIN: NVI B.8 


MYT 0, 82H 
TIt: CALL =—sBITIN 
Jc TI 
CALL = BITIN 
Jc Til 


(Throughout this subroutine, a level transition is 
tecognized only after it has been read once initially 
and then verified on the next reading. This pro- 
vides some degree of software noise immunity.) 
Now await the start of the next burst: 


Tle: CALL = -BITIN 


we Tiz 
CALL = BITIN 
INC Tle 


The next burst has now arrived. Keep reading the 
SID pin, decrementing register D (thus making it 
More negative), each cycle until the pause is 
detected: 


TIS DER b 


CALL OBTIN 
e Ti? 
CALL BATIK 
wv TIE 


Now continue reading the SID pin, incrementing 
the D register (back towards zero), each cycle until 
the next burst is received: 


TI4 Ke U 


CALL «= OBITIN 
Ne Tid 
CALL BITIN 
INC Tl4 


Now, if the burst lasted longer than the space, D 
was not incremented all the way back to zero; it is 
still negative, If the space was longer, D was incre- 
mented up through zero; it is now positive. In 
other words, the sign bit of D will now correspond 
to the data bit that would lead to each of these 
results. Move the sign bit into the CY, then rotate 
it into register C: 


MOY ab 
RAL 

NG Ret 
Rar 

Moy GA 
WT 6. itr 
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Continue until the last bit has been received: 


CCR B 
Ju TE 
FET 


(Notice that the first half of this subroutine is 
incorporated in the second half. In fact, the as- 
sembled listing included in the Appendix makes 
use of this fact to eliminate 24 bytes of duplicated 
code.) 

BITIN waits a short time in order to regulate the 
sampling rate, then reads SID and moves the data 
bit into the CY: 


RiTIK: AAT E. CeRATE we 
(:) ee C8 E “MD 
INZ BIL SPS 107 
FIM <a> 
FAL a 
Ret <a 


The tone burst frequency and duration, and 
the TAPEIN sampling rate are determined by 
HALFCYC, CYCNO, and CKRATE. Tables 2 and 
3 give typical values. 


Table 2 


EXAMPLE COMBINATIONS OF HALFCYC AND CYCNO. 
ALL VALUES IN DECIMAL 


RESULTING DATA RATE 


CYCNO 
CYC/BURST 


CORRESPONDING 
HALFCYC 
VALUE 


APPROXIMATE 
TONE 
FREQUENCY 


500 Hz 
IkHz 
2kHz 
5 kHz 

10 kHz 


Table 3 


MAXIMUM SAMPLING RATES 
FOR VARIOUS VALUES OF 
CKRATE 


SAMPLING RATE 
(INCLUDING 
CALL & RET) 


CKRATE 


17.6 psec 
104 usec 
378 = sec 
1.14 msec 


The Appendix also includes a simple block record 
routine utilizing TAPEO. Before calling BLKRCD, 
HL must be set to the start of the desired block, 
and the recorder tumed on manually. Successive 
bytes will be recorded until the end of that page, 
ie., until L is incremented to zero. The playback 
routine requires presetting HL to the target address 
and turning on the recorder before PLAYBK is 
called. These routines incorporate a long tone burst 
before each data block to allow a recorder with 
Automatic Gain Control to stabilize before the 
data starts. 


ADDITIONAL COMMENTS 


The two design examples given so far were built up 
using an SDK-85 System Design Kit. Both hard- 
ware interfaces were wire-wrapped on the ample 
breadboarding area provided on the board. The 
connections between SID and SOD and the on- 
board TTY interface were broken, so as not to 
affect the 8085 I/O electrical characteristics. 


The CRT interface was tested with a Beehive Mini- 
Bee II Terminal in the full duplex mode at each of 
its 14 possible transmission rates, from 110 to 
9600 baud. It was also checked out at 19200 baud 
using a Beehive B-100 terminal. In addition, the 
software was exercised using an SBC 80/20 system 
as a variable baud rate character generator and 
receiver. 


An additional advantage to having software select- 
able communications rates is that it would be pos- 
sible to communicate with several system periper- 
als, each at its own preferred rate, without having 
to duplicate hardware. For example, the addition 
of a single 7408 AND gate and an output port 
(such as on the 8155) would make it possible to 
use the same two RS-232 circuits to interface with 
up to seven I/O devices (see Figure 10). Three of the 
MC1488 drivers have Enable inputs which can be 
controlled by the output port. One AND gate can 
be used to buffer the SOD line and drive the 
MC1488 Data inputs. The rest of the 7408 can be 
configured as a four input AND gate. This would 
act as an inverted logic OR gate to reduce the four 
MC1489 receiver outputs to a single line, which 
could be read by the SID. This assumes that only 
one input device (CRT, PTR) at a time will be used 
(which is usually the case in a non-time shared, 
interactive application), and that the unused 
devices are transmitting a logic one level (which 
should also be the case). 
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Figure 10. Interfacing 8085 to Multiple Peripherals 


The software needed to support additional periph- 
erals would be simple and straightforward. A 
routine intended to dump a section of memory to 
a paper tape punch, for example, would first have 
to store BITTIME and HALFBIT somewhere (per- 
haps on stack), load the variables with new param- 
eters corresponding to the paper tape punch rate, 
and then write a bit pattern to the output port 
which would disable the console driver and enable 
the punch (and perhaps a typewriter). After the 
dump was over, the original time parameters and 
driver status would be restored. 


As explained before, the BRID routine computed 
rate parameters based on the fact that an ASCII 
“space” character resulted in a zero level 6 bits 
long. Conceivably, some obscure peripherals might 
produce a transient between successive zero bits. 
(This might be the case, for example, if the signal 
was produced by mechanical rather than electronic 
means.) If so, the BRID algorithm used here prob- 
ably would not work reliably. Once the two time 
parameters were identified, though, COUT and 
CIN could still be used. An alternate algorithm for 
baud rate identification would require a table in 
ROM (note the fifth and final R/S-I1/O-M/D permu- 
tation), This table would contain a list of delay 
parameters corresponding to the standard transmis- 


sion rates, as computed for the selected crystal 
frequency. Initialization would require the oper- 
ator to hit a specific key several times (usually the 
“U” key, which generates a pattern of alternating 
Ones and zeros). The identification routine would 
attempt to “read” this pattern at each baud rate, 
in turn, until finding the rate at which the read 
was successful. 


The cassette recorder used to develop the tape 
interface was a Lloyd’s push-button model which 
cost $17 in 1972. Empirical testing has indicated 
that for this application, the quality of the cassette 
recorder is less critical than the quality of the tape 
itself. In other words, some 33¢ cassettes were not 
very reliable, even when used with more expensive 
recorders. 


When using a cassette at the beginning of a side, 
allow the tape to run for about 10 seconds until 
the leader has passed before starting to write data. 
Otherwise, data will be lost to the leader. 


Depending on the recorder quality, the tone burst 
frequency and duration can be optimized for 
higher data rates by modifying HALFCYC and 
CYCNO. If so, CKRATE should also be reduced, 
so that between about 10 and 80 data samplings 
are made during a single (one-third width) tone 
burst. At greatly increased frequencies, some of the 


components in the analog interface might also be 
modified. 


The two simple routines for recording and playing 
back blocks of data were intended to illustrate one 
way of using TAPEIN and TAPEO, and therefore 
do not contain any provisions for error detection 
or correction. Depending on the nature of a partic- 
ular application, these routines could be aug- 
mented with parity bit or checksum comparison, 
or an error correcting code technique. 


Funny things happen when recording and playing 
back a page of RAM which includes the subroutine 


"stack. Eventually, PLAYBK will start writing over 
’ the data“at “the top of the stack, destroying the 


subroutine traceback sequence. The next RET 
instruction will then cause a jump to a place where 
you’d rather not be. 


The printout reproduced in the Appendix includes 
the assembled listings for the CRT and magnetic 
tape interfaces discussed in this application note. 
The object code produced was programmed into 
an 8755 EPROM, which was installed in the expan- 
sion PROM socket of the SDK-85 board. Some 
very minor differences exist between this listing 
and the code segments presented earlier, which 
were written for maximum clarity. 
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Appendix 1.1 — Temperature Sensor Code 


RSMSB -F1 TEST SRC MODES 


ISIS-11 8888/8885 MACRO ASSEMBLER, V2 8 MOOUE PRE 1 
LOC OB) See SOURCE STATEMENT 
15 
25 
B26c 3 Ew 6260 + EXPAND HEX TO DISPLAY, SDK MONITOR ROUTINE 
287 4 QUTPYT_£OU 828: OUTPUT TO DISPLAY, SDK MONITOR ROUTINE 
FL S DELAY EQU 8SFiH i DELAY DISPLAY, SOK MONITOR ROUTINE 
6; 
7 ORG 2008H 
8, 
95 
16; 
il; 
2086 310828 12 UxI SP, 28C8H + INITIALIZE STACKPOINTER 
2083 F3 B 25 + DISABLE INTERRUPTS 
14; 


2017 
2818 (31728 


15> INITIALIZE COUNTER IN 8155 FOR COUNTDOWN MODE. LOAD COUNTER 
165 WITH HIGHEST VALUE (3FFF) 


175 

18 WI R, GBFH 
our oH +ROORESS FOR TOP HALF OF COUNTER 
WI A OFFH 
oul 24H rae * LOWER HALF OF COUNTER 
MI  BCRH 
aT 20H + COUNT DOKN MODE START 


PULSE THE ONE SHOT WITH A POSITIVE GOING PULSE ON THE SOD 
OUTPUT PIN OF THE 8835 


MI ft OCH 
SIM OUTPUT A HIGH ON SOD LINE 
WI A, 48H 
Sia OUTPUT R LOW OH SOD LINE 
El ENABLE INTERRUPTS(AFTER PULSE) 


+ TOLE UNTIL ONESHOT INTERRUPTS THE RST 6.5 PIN ON THE 8835 


RASH EBRBIVRXPOSKRBE 


weO. NOP 
JP wo + IDLE UNTIL INTERRUPT 


ye 
3 


3B, 
39+ AFTER INTERRUPT, STOP COUNTER AND READ IN FINAL COUNT FROM 
48 + 8155. STORE IN REGISTER PAIK BC. 


“1, 

42 OT. NT A. 48H 

4s owt aH » STOP COUNTER 

“4 IN 24H 

45 nov CA + STORE LOWER ORDER BYTE IN C 
4% IN oH 

a nv BA + STORE HIGHER ORDER BYTE IN B 
48 Lad HFK LORD HL WITH FULL START COUNT 
49 VI LOFFH 

38> 


Si.» ADJUST THE COUNT VALUE IN FEGISTER BC TO REPRESENT ACTUAL 
52.» COUNT (SEE TEXT FOR EXPLANATION) 
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ISIS-11 8888/8885 MACRO ASSEMBLER, V2. 6 MOULE PAE 2 
LOC 0BJ seq SOURCE STATEMENT 
SB; 
2029 (06828 4 CALL «ADJUST i CONVERTS 8155 COUNT TO ACTUAL COUNT 
SS; 
56 i SETUP INITIALIZATION FOR SEARCH ROUTINE ROUTINE LOOKS FOR TEMPERATURE 
57 + RANGE OF COUNT (SEE TEXT). SEARCH ONLY FOR UPPEK HALF TO SIMPLIFY COUE. 
S58 i 
2e2C 2688 59 'YI = L. 80H 3 SET HL TO BEGINNING OF SEARCH i 
282 2626 ) MVE «HH iSTRING IN MEMORY. ' 
2038 BB 61 PAB J OLEAR CARRY FOR ROUTINE { 
2031 78 62 my = i PLACE B INTO ACCUMULATOR H 
2032 G€81 683 mI CAH 3 SET TIMES THROUGH SEARCH 
2034 (09228 6 CALL SEARCH SLOOKS FOR TEMP RANGE COUNT IS IN | 
655 | 
66 + CHECK IF SEARCH WRS SUCCESSFUL IF NOT THEN OUTSIDE ACCEPTABLE | 
67 5 RANGE. | 
68 i | 
2037 3€88 69 Vl = 8RH sDID L FIND LESS THAN AT | 
2039 FO i) AL 5 AT BEGINNING OF STRING? | 
203A CARF20 71 4 TLOW i TEMP BELOW ALLOMED LIMITS, SET PORT A | 
2030 3608 7 AVI RL 8GH iDID C GET DECREMENTED? | 
203F 89 B orp oC 3 1F SO. SEARCH DID NOT FIND | 
2048 CRES28 4 ard THIGH > TEP PROVE LIMITS, SET PORT B Hl 
5 i 
76 + SOFTWARE MAP THE MATCH TO A TEMPERATURE IN CEGREES C BY ADDING { 
7? , 18 TO SEARCH ADDRESS PLACE TEMPERATURE IN REGISTER E | i 
78 i 
2043 3E0A 79 WL RL GRH i SHIFT HL BY 18 (SOFTWARE MRP) | 
2045 85 cy) mo H 
2046 OF at mov 6 OLR | 
27 SE 82 wy OK i READ IN TEMPERATURE 
835 
845 SET UP INITIALIZATION FOR DISPLAYING TEMPERATURE USING SUK 
65 i; MONITOR ROUTINES. FIRST EXPAHD DE REGISTER AND THEN DISPLAY 
86» FOR DELAY PERIOD. 
87: 
2048 0608 88 1B, GH i CLEAR DOT AT AOORESS FIELD 
204A CDSCe2 89 (AL HOSP i CALL EXPAND : 
204) 3€08 ) MYL =, @GH : 
204F (08782 w CAL OOUIPUT i QUTPUT TO SOK DISPLAY 
2052 11FF 08 9 UID OFFH #SET DELAY PERIOD 
2855 COF 165 8 CALL sOOELAY i DISPLAY FOR DELAY PERIOD 
2058 CF 4 RTO j SOFTWARE. RESTART 
ee %. 
96 + SUBRUSTINES | | 
9: 
98 ORG = 28RFH 
9, | 
168 5 | 
ZOPF 3E63 161 LOK PVE. = 3H. | 
21 0328 1e27 su 2H 
2083 EFF 103 Yl RL OFFH »SET PORT ARS 1°S | 
2065 0321 164 our iH 
2087 CF 185 mero | 
106 . | 
1675 i 
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Loc 08) seo SOURCE. STATEMENT 

2088 3£83 168 THIGH: AVI = AGH 
206A 0328 189 QuT 2H 
2060 SEF 118 'VI RFF iSET PORT B RS 1’S 
28E 0322 iit wt aH 
2008 OF 112 ett 

113 » 
2092 115 ORG = -2892H 

116 

17 5 
2092 bE 118 SEARCH OP ON 
2893 08 ae 
284 23 128 ne OH »ELSE INCREMENT POINTER 
2095 BE 124 op on i COMPARE 20D BYTE 
2896 08 122 RC 
2897 23 123 WK OH 
2098 BE 124 cp on + COMPARE 3RD BYTE 
2839 08 125 RC 
289A 23 126 WK OOH 
2098 BE 127 ce on i COMPARE 4TH BYTE 
2830 08 128 RC 
209 2 129 KOH 
20K BE 138 or ok i COMPARE STH BYTE 
ZO 0B Bt RC 
208 23 132 nw OH 
2eAL BE 133 ce on + COMPARE 6TH BYTE 
20R2 08 134 RC 
2088 23 135 IK OH 
204 BE 136 orp on 5 COMPARE 77H BYTE 
2285 08 a7 RC 
206 2B 28 wo 
20A7 BE 139 ap on + COMPARE 8TH BYTE 
28 08 148 cs 
HO 2B 141 WK OOH 
206A @D 142 oR oC +HPS ENTIRE BLOCK BEEN 
28 (29228 143 JHZ SEARCH + SEARCHED? IF SO SET NO 
RE C9 144 RET i LESS THAN AAD RETURN. 


146 + RESTART 6 5 JUMP AOORESS 
147; 


20ce 148 ORG 20CEH 
149 5 
158, 

20CE (31628 151 JP cut 

an 152 5 
133; 
1s, 

———___ 15: Seppe 

Sra ae « 


197. 
158, SEARCH CUMPARE DATA STRING (SEE TEXT) 
159, 
168, 


|=— 161 ORG 266 


162 - 
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Loc OB) see SOURCE STATEMENT 
163 5 
2088 35 164 oe ‘35H. 36H, 37H, 38H, 39H, SAH, 38H, 30H 
2081 36 
2082 37 | 
2083 38 | 
2084 39 
2885 3A | 
2886 38 j 
2087 3C 
165 j 
166 ; SOFTWARE MAP TO TEMPERATURE 
167 i 
2888 168 ORG 2006H 
169 H 
178 5 } 
2088 24 171 0B 24H, 23H, 25H, 26H, 31H, 3SH, 39H t 
2080 23 
2880 25 | 
208E 28 
268F 34 } 
2098 35 
2091 39 H 
ee ie | 
768 174 ORG = 2860H | 
175 | 
176 » | 
177 ; SUBROUTINE AOJUST FOR COUNT IN 8155 { 
178; 
179 ROJUST. MOY AB LORD ACCUMULATOR WITH UPPER HALF i 
188 PRI 3FH + RESET UPPER TWO BITS, CLEAR CARRY j 
181 RAR ROTATE RIGHT THROUGH CARRY } 
182 nov BA » STORE SHIFTED VALUE BACK IN 8 
183 mov AC + LORO ACCUMULATOR WITH LOWER HALF 
184 RAR ROTATE WITH CARRY RIGHT 
185 Moy GA » STORE SHIFTED VALUE IN C 
186 RNC 31ST HALF OR SECOND? IF SECOND RETURN 
187 ac 3 CLEAR CARRY 
188 mov AH OBTAIN ONE HALF OF FULL COUNT. 
189 RAR i 1F HL 1S 000 THIS CONTRINS 
198 mov HA ONE HALFCFULL COUNT-1), WHICH 
191 mov AL + 1S CORRECT. 
192 RAR 
193 nov LA 
194 ORD 8 DOUBLE PRECISION ADD 
195 nov BH RESTORE BC REGISTERS WITH COUNT { 
196 nov GL 
197 RET | 
198 
199 5 } 
28 BD | 
| 
PUBLIC SYMBOLS 
EXTERNAL SYMBOLS 
\ 
USER SYMBOLS H 
| 
ISIS-11 8898/6885 MACRO ASSEMBLER, V2 MODULE «PAGE «OS 


AQUUSLA 2050, CHIU A 28Gb) (LAY A GOFL = HTSP A G20 POA 2017 | DUTPUT. A 8287 = SEARCH A 2892 
THIGH fA 268 = TLOW__A zt 
—_——— 


PSSEMELY COMPLETE, NO ERRORS 
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APPENDIX 1.2 


TSIS-1T SeeA/QBS5 ASSEMPLER. “1B mike 
Le Oey Seo SOueCe STATEMENT 


@€  MOOSS TITLEC SSS SERIAL 10 NOTE APPENDIX’ » 
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ain! 


a Ss 


ISIS-I] 9@3@/98¢5 ASSEMELER, Y1 B MODULE PRE = 2 
2825 SEPISL 170 NOTE SPPENDIY. 


Lec oe 


SEQ 


NOON GA & WV Poo 


™ oO «oO 


ae ans 


4 
2 
3 BITTIME 


SOURCE STATEMENT 


THE FOLLOWING PROGRAMS AND SUSROUTINES ARE DESCRIBED IM CETAIL 
IN INTEL CORPERATION’S APPLICATION NOTE AP-29, “USING THE 8885 
SERIAL 170 LINES". THE FIRST SECTION IS A GENERAL PURPOSE CRT 
INTEPFACE WITH PUTOMATIC BAUD RATE IDENTIFICATION; THE SECOND 
SECTION IS A MAGNETIC TAPE INTERFACE FOR STORING DATR ON CASSETTE 
TAPES. THE CODE PRESENTED HERE IS OPRIGINED AT LOCATION aah, 

PNO MIGHT BE PPRT OF AN EXPANSION PROM IN AN INTEL SDK-85 

SYSTEM DESIGN KIT. . 


EOu 26C8H —; ADDRESS OF STORAGE FOR COMPUTED BIT DELAY 


44 HALFBIT EQU 26CAH ADDRESS OF STORAGE FOR HALF BIT DELAY 


15 BITS0 
16 SITSI 
1? 

128 

19 

28 ;CRTITST 
21 


ECU 14 DATA BITS PUT OUT (INCLUDING THO STGP BITS) 
ECU Ps DATA BITS TO BE RECIEVED “INCLUDING ONE STOP BIT) 


ORG S@9H — ; STARTING ADDRESS OF SDK-85 EXPANSION PROM 
CRT INTEPFSCE TEST. WHEN CALLED, AWAITS THE SPACE BAR BEING PRESSED ON 


THE SYSTEM CCHSCLE, AND THEN RESPONDS WITH A DATA RATE VERIFICATION 
MESSAGE THERE AFTER, CHARPCTERS TYPED ON THE KEYSUARD ARE ECHOED 


22: 
23 ON THE DISPLAY THE. WHEN A BREAK KEY [S TYPED, THE ROUTINE IS 
24; RE-STAPTED, ALLOWIMG A DIFFERENT BAUD RATE TO BE SELECTED ON THE CRT. 
6288 310028 25 CRTTST: LY¥I SP, 2808H 
8802 3ECa 26 CRTL: = HYI A, @0@H + SOD MUST BE HIGH BETWEEN CHARACTERS 
68a5 38 27 SIM 
@8A6 CDLAAS 22 CALL RID i IDENTIFY DATA RATE USED BY TERMINAL 
6889 CD4788 29 CALL © SIGNON =; QUTPUT SIGNON MESSAGE AT RATE DETECTED 
geac cDenas 3B ECHO: CALL CIN js READ NEXT KEYSTROKE INTO REGISTER C 
620F 79 34 Moy AC 
@S18 B7 22 OPA A ; CHECK IF CHARACTER WAS A <BRERK> (ASCII @8H) 
8811 CAGZBS 33 J2 CRT4 =: IF SQ. RE-IDENTIFY DATA RATE 
34 s THIS ALLOMS AHOTHER RATE TO BE SELECTED ON CRT 
RE14 CDESBS 3 CALL COUT =; OTHERWISE COPY REGISTER C TO THE SCREEN 
O817 czeCee % IMP ECHO = CONTINUE INDEFINITELY (UNTIL BREAK) 
2? 
38 ;BRID BAUD RATE IDENTIFICATION SUBROUTINE 
395 EXPECTS A <CR> (ASCII 20H) TO BE RECIEVED FROM THE CONSOLE. 
40; THE LENGTH OF THE INITIAL ZERO LEVEL <SIX BITS WIDE) IS MEASURED 
41 i IN ORDER TO DETERNINE THE DATA RATE FOR FUTURE COMMUNICATIONS. 
B81A 28 42 BRID- PRIM ;VEPRIFY THAT THE “ONE* LEVEL HAS BEEN ESTABLISHED 
@818 B7 43 ORR A 7\ AS THE CRT IS POWERING UP 
@81C F21AR8 44 JP BRID 
OS1F 26 45 BRI4: RIM ;MONITOR SID LINE STATUS 
@828 B7 46 QRA i 
6e21 FRIFeS 47 JM PRI4 =; LOOP: UNTIL START BIT 15 RECIEVED 
Q824 DLFAFF 48 L¥I H.-6 — ; BIAS COUNTER USED IN DETERMINING ZERO DURATION 
6827 1604 49 PRI3:  HYI E. B4H 
8229 10 5@ BRI4: DCR E +52 MPCHINE CYCLE DELAY LOOP 
@82A C2299 SA JNZ eRId 
@820 22 $2 INK H + INCREMENT COUNTER EVERY 84 CYCLES WHILE SID 1S LOW 
BS2E 20 53 RIM 
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ISIS-IT S8SQ/GA85 ASSEMBLER. “4 G MODULE PROE 3 
9825 SERIAL [70 NOTE APPENDIX 


te 


G2F B7 
6838 F22783 


@833 ES 
B834 24 
B35 aC 
8836 220828 
@az9 EL 
@23A B7 
8238 7£ 
G83C 41F 
@83D €7 
@83E 7D 
O82F 1F 
@84A OF 
Q8d1 24 
Q842 2 
8242 22CA28 
6846 C9 


8847 245528 
BS4A 4E 
@84B AF 
@e4C BL 
8840 (28 
@S4E ChSéS88 
8251 23 
aeS2 C24Aag 


8855 8D 

8256 BA 

@257 42415544 
BOSE 28524154 
BSSF 45284348 
8262 454348 


SEQ SOURCE STATEMENT 
4 ORR a 
38 JP BRI 
36 +<HLD NOW CORRESPONDS TO INCOMING DATA RATE 
Ryd PUSH =H SAVE COUNT FOR HPLFRIT TIME COMPUTATION 
se THR H BITTIME 15 DETERMINED BY INCREMENTING 
Ss? INR L 3\ HAND L INDIVIDUALLY 
€8 SHLD —-BITTINE 
4 PoP H S RESTORE COUNT FOR HALFPIT DETERMINATION 
62 OPA A 3 CLEAR CARRY 
&3 eqy AH ROTATE RIGHT EXTENDED <HL> 
64 RRR +\ TO DIVIDE COUNT BY 2 
65 Moy H.R 
66 Moy BL 
67 RAR 
68 Moy LA 
69 INR H PUT H AND L IN PROPER FORMAT FOR DELAY 
7a THR L 3\ SEGHENTS CINCRENSHT ERCH) 
ral SHLP —-HALFBIT ;SRYE AS HALF-BIT TIME DELAY PARAMETER 
?. PET 
73 
74 ;SIGHON HRITES A SIGN-ON MESSAGE TO THE CRT AT NHAT SHOULD BE THE CORRECT RATE. 
73 5 IF THE MESSAGE IS UNINTELLIGIBLE. . . WELL, SO IT GOES. 


76 SIGNON: LXT H, STRNG iLOAD START OF SIGN-ON MESSAGE 
77 SA: Hoy CM 3GET NEXT CHARACTER 


78 ¥RA A CLEAR ACCLRULATOR 

79 DRA c CHECK IF CHARACTER IS END OF STRING 
8 RZ sRETURH IF SIGN-ON COMPLETE 

c3t CALL COUT ELSE OUTPUT CHARACTER TO CRT 

82 IHY, H + INDEX POINTER 

83 JHP S4 3 ECHO NEXT CHARACTER 

$4 

85 STRNG: DB @0H, @AH 3 <CR><LF> 

26 oe “BAUD RATE CHECK’ 

97 be @DH, GAH 5 <CR><LF> 

ee OB 68H + END-OF-STRING ESCAPE CODE 

e9 

9@ ;COUT CONSOLE OUTPUT SUBROUTINE 

WA: HRITES THE CONTENTS OF THE C REGISTER TO THE CRT DISPLAY SCREEN 
92 COUT: DI 

93 PUSH B 

94 PUSH oH 

95 HYI B,BITSO ;SET NUMBER OF BITS TO BE TRANSMITTED 
9 ” 7PA A CLEAR CARRY 

97 COL: MYT A,88H = SET WHAT HILL BECOME SOD ENABLE BIT 
98 PAR +MOVE CRRPY INTO SOD DATA BIT OF ACC 
9 SIM sQUTPUT DATA BIT TO SOD 

168 LHLD —BITTINE 

101 C02: DER L WAIT UNTIL APPROPRIATE TIHE HAS PASSED 
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LOC OBJ SEQ SOURCE STATEMENT 
0877 C27683 102 JINZ c02 
Q87A 25 103 DCR H 
@878 C27688 104 JN2Z C02 
QS7E 27 105 sTc iSET WHAT WILL EVENTUALLY BECOME A STOP BIT 
OS7F 79 186 MOY AS s ROTATE CHARACTER RIGHT GNE BIT, 
8280 1F 107 RAR i\ MOVING NEXT DATA BIT INTO CARRY 
6881 4F 168 Moy CA 
0882 @5 189 OCR B 5 CHECK IF CHARACTER (AND STOP BIT(S)) DONE 
8883 C26FA8 118 JNZ C041 3 IF HOT, OUTPUT CURRENT CARRY 
O826 E4 414 PoP H ; RESTORE STATUS AND RETURN 
6887 C1 112 PoP 8 
G98 Fe 113 EI 
e889 Co 114 RET 
115 
41416 ;CIN CONSOL INPUT SUBROUTINE HAITS FOR A KEYSTROKE AND 
117; RETURNS HITH 8 BITS IN REG C. 
@8SA FZ 4118 CIN: Or 
@83B ES 149 PUSH H 
@8sc B&e9 128 AYT B,BITSI ;DATA BITS TO BE READ (LAST RETURNED IN CY) 
@88E 28 124 CIA: PIM sWAIT FOR SYNC BIT TRANSITION 
Q88F B7 122 ORA A 
8898 FARES 123 JM cit 
8893 2ACA2a 124 LHLD ~—sHALFBIT 
Q3895 2D 428 Ci2: ccr L sHAIT UNTIL MIODLE OF START BIT 
8897 C296e8 4126 JNZ cl2 
@29A 25 127 CCR H 
Be9B C2968e 122 JNZ cl2 
@89E 2ACe20 129 CI3: LHELD BITTIME ;HAIT OUT BIT TIME 
BSAL 2D 129 CI4: DCR L 
QSA2 C2R1e8 at JH2 cl4 
@8A5 25 432 DCR H 
@eRE C2A188 133 JN2 Cl4 
are 28 134 RIM 3 CHECK SID LINE LEVEL 
@8AA 17 135 RAL 3DATS BIT IN CY 
GAB 85 136 OCR B DETERMINE IF THIS IS FIRST STOP BIT 
@8AC CABEAS 137 Jz cls 31£ SC, JUMP OUT OF LOOP 
QSAF 79 138 MOY Ae »ELSE ROTATE INTO PARTIAL CHARACTER IN C 
@Sb@ iF 179 PAR ;ACC HOLDS UPDATED CHARACTER 
@2B1 4F 146 MOY CR 
@382 90 444 Hoe SEQUBLIZES COUT PHO CIN LOOP TIMES 
GOR? C29e0s 142 JMP CI3 
@SB6 E1 143 CIS. POP H 
6887 FB 144 EI 
BSB8 C9 445 RET i CHARACTER COMPLETE 
146 
14? oni nnn een et 2 ne THEE 
148 
149 5 THE FOLLORING CODE IS USED BY THE CASSETTE INTERFACE. 
19; SUSROUTINES TAPEQ SND TAPEIN ARE USED RESPECTIVELY 
4313 TQ OUTPUT OP SECEIVE AN EIGHT BIT BYTE OF DATA REGISTER C 
132 5 HOLDS THE DATS IN EITHER CRSE& REGISTERS ALB, &C ARE ALL DESTROYED. 
e018 453 CYCHO = FOU 16 > TWICE THE NUMBER OF CYCLES PER TONE BURST 
@@1E 454 HALFCYC EQU 20 ; DETERMINES TONE FRECUENCY 
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Lot OB! cea SQURCE STATEMENT 
eats 155 CHPATE EW 22 /SETS SAMPLE PATE 
eerA 15¢ LEADER EQU = 25N— NUMBER OF SUCCESIVE TONE BURSTS COMPRISING LEADER 
eOFA 457 LOECH. EGY © 250 © USED IN PLAYEK TO YERIFY PRESENCE OF LEADER 
458 
159 :BLKECD QUTPLUTS AVERY LONG TONE QURST «<LEADERD TIHES 
450: THE NOPHAL BUSST DURATION) TO ALLO RECORDER ELECTRONICS 
14 AND ABC TO STABILIZE. THEN OUTPUTS THE REMAINDER OF THE 
, $62.6 “PES SYTE PASE POINTED TO BY HD. STARTING AT BYTE <L>. 
Pes —> eee Ger A 463 PLPC) NVI C.LEPDER: SET UP LERDER BURST LENGTH 
Cex 288 ZECR 164 MYT. RL ORH FSET ACCUMULPTOR TO RESULT IN TONE BURST 
4] BOBO CDF ARE 165 8F1) CALL = QURED)  CUTPUT TONE 
! poy este BD 466 mr oe 
22 word CORDES 167 JZ GED SUSTRIN LEADER TONE 
eet RF 168 yA FCLEAR RECURMLATOR ¢ OUTPUT SPACE. SO THAT 
BSCS COFRES ico CLL 3 STAST OF FIRST DATA PYTE CRN BE DETECTED 
Sec | RCE AE A70ER23) MOY LM: GET SATA BYTE TO BE RECORDED 
fa eece cot1ee 474 CALL CERPECD ; GUTPUT PEGISTEP C TO RELORCER 
past ext 2 472 THE LS POINT 10 NEXT @YTE 
Berd c2ceee 473 IZ GEE 
ene 02 474 PET sAETER BLOCK IS COMPLETE 
175 
176 
477 ; TAPEO QUTPUTS THE BYTE IN REGISTER C TO THE RECORDER 
47Ri2 PEGISTERS 9.8.0.0, 8E APE ALL USED. 
ast FR 479 TAPED) @ 
@sD2 05 199 —~ PUSH o> D&E USED AS COUNTERS BY SUBROUTINE BURST 
e032 a508 sei MYT. «9S WILL RESULT IN $ DATA BITS AND GNE STOP BIT 
e805 AF 192 Ti) vRR OA FOLERS ACCUMULATOR 
eene 2ECe 422 — MYT «AL BCRH SET ACCUMULATOR TO CAUSE A TONE BURST 
eere coFeae 494 CALL CEUPS . 
gare 79 4e5 HOY CF MOVE NEXT OATS SIT INTO THE CARRY 
e200 4F 126 PAR 
@S0D 4F 497 HOY GA CARRY HILL BECOME SOD ENRELE IN BURST ROUTINE 
SCE FEAL 490 MVI «9. BIH SET BIT TO BE SEPEATEDLY COMPLENENTED IN BURST 
@8E6 4F 499 RR ; 
eoe4 4F 498 PAR 
@se2 COFAGS 494 CRLL OUTPUT EITHEP A TONE OR A PAUSE 
@8ES AF 492 yea ; CLEAR ACCUMULATOR 
e8e6 COA 193 CALL i OUTPUT PAUSE 
@8E9 85 4194 ocr iB 
@eEA £20508 495 JN2 TMD) REPEAT UNTIL BYTE FINISHED 
@RED D1 196 pop SRESTORE STATUS AND RETURN 
@SEE FB 497 
@eEF C9 198 RET 
199 
@eFa 1618 208 BUST) MYI =D, CYCNO ; SET NUMBER OF CYCLES 
B8F2 30 201 (PUL) SIM COMPLEMENT SOD LINE IF SOD ENABLE BIT SET 
GF 4E1E 202 "MY. SE HALE CYC 
BeFS 1D 263 (Bu2 2) DCR E_—- REGULATE TONE FREQUENCY 
GOFE C2F5e8 204 JH2 (BUD 
@eFo EES 285 YRI 82H «COMPLEMENT SOD DATA BIT IN ACCUMULATOR 
BaFR 15 206 ork 
eFC C2F268 207 JN2 CBU) — CONTINUE UNTIL BURST (OR EQUIVILENT PAUSE) FINISHED 


CK ep wth J 
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ISIS-I1 988@/8@85 ASSEMBLER, v4. @ MODULE PRE «g 
9885 SERIAL 1/0 MOTE APPENDIX 
Loc OBJ sea SOURCE STATEMENT 
@SFF C9 208 RET 
209 
218 ; PLAYBK HAITS FOR THE LONG LEADER BURST TO ARRIVE, THEN CONTINUES 
241 READING BYTES FROM THE RECOPBER AND STORING THEN 
Btinrs 212 IN MEMOPY STARTING AT LOCATION <HLD. 
Cel (  \ 23§ __ CONTINUES UNTIL THE END OF THE CURRENT PAGE (<L>=OFFH) IS REACHED. 
e9ee GEFA = 214 cPLAYEKD MYT. =—C. LORCHK + <LORCHK SUCCESSIVE HIGHS MUST BE READ 
9982 cD3089 25 PRL) CALL <eITIN) +S, TO VERIFY THAT THE LEADER IS PRESENT 
8905 D2eee9 i CPLAYER + \ PNO ELECTRONICS HRS STABILIZED 
8988 @D 217 oR oC 
989 (28289 218 NZ PRD 
@98C CD1589 =) 249 PE2:)) CALL (TAPEIN.), GET DATA BYTE FROM RECORDER 
Q9eF 71 op 7 208 YC STORE IN MEMORY 
0918 20 C4 THR = > THOPEMERT POINTER 
ee14 c2ecas 222 Jn2 P22’) REPEAT FOR REST OF CURRENT PAGE 
@944 C9 223 PET ‘ 
224 stkt GA 
225 ;TAPEIN CASSETTE TAPE INPUT SUBROUTINE. PERDS GHE BYTE OF DATA 
226 i FROM THE RECORDER INTERFACE AND RETURHS WITH THE @YTE IN REGISTER C. 5 of 
o15 a6a9 227 (RPEIND MVE = «B, 9S; READ EISHT OATA BITS D lee 
@S17 1669 222 TID) MYT. =D, BBH CLEAR UP/DOWN COLNTER . 
e919 45 229(T12, OCR -DECREMENT COUNTER EACH TIME ONE LEVEL IS READ 4 
@91A CD3089 239 CALL = (GITIN 
@S1D DALSA9 234 SC © (TT). REPEAT IF STILL AT ONE LEVEL 
8928 CD3D89 232 CALL CBITIN 
923 DAL9B9 233, J did - 
@926 14 234.113.) INR OD ; INCREMENT COUNTER EACH TIME ZERO IS READ 
0927 CD2D89 225 CALL CBITIN 
@92A 022689 236 JMC pen ;REPEAT EACH TIME ZERO 1S REAO 
@92D cD3De9 237 CALL CBITIN 
@938 022609 238 Jue IB) 
8933 7A 229 Moy =D 
8934 17 248 RAL ANOVE COUNTER MOST SIGNIFICANT BIT INTO CARRY 
e935 79 244 Noy AC 
8936 4F 242 PAR -MOVE DATA BIT RECIEVED (CY) INTO BYTE REGISTER 
0937 4F 243 Noy CA 
8938 65 244 oR eB 
@939 21789 245 INZ (TDs REPEAT UNTIL FULL BYTE ASSEMBLED 
@92C C9 246 RET * 
247 
8930 1616 24ae1TIW) mv CE, CKRATE > 
@93F 4D 249@1D OCR E 
8948 C22Fe9 258 JNZ GIL) + LIMIT INPUT SAMPLING RATE 
0943 26 251 RIM ;SAMPLE SID LINE 
@944 17 252 RAL sMOVE DATA INTO CY BIT 
2945 Co 252 RET 
254 
255 END 
PUBLIC SYMBOLS 
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EXTERNAL SYMBOLS 


USER SYMBOLS 

BI4 A BOR ORITIN ANID «BITS! ABM BITSO ABBR BITTINA 2eCS BLKRCDA B8B9 BRL A O8BD 
BR2 =f AoCe PRIA OA ASIF | =OPRTZ: A BRZP BRIG =A AS2O OPRID «ABSA OBUL «SAR SF2— BUA SOA BFS 
BURST ROSA Cit AARE Cl2 ABM CI ABBE Cl4 ABSAL CIS ABBBG CIN A B8BA 
CKRATE R ORE «= COL AR REF = CO2 A AGFS |= CMT A SSD CRTAZ «AR BSOS —CCRTTST A BAVA = CYCNO A 8810 
ECHO oR B8@C  —=HALFEI. A 26CR = HALFCY A PALE = LORCHK A OFA CLERDER ABFA OPBL OR SZ = PR2 SA B9BC 
PLAYBK A 89@B SL R@84A = SIGION AR BS47)— STPNG ROSS =6CTAPEINA BSS) =6TAPEO A O8DL =6—TIL =A 8917 
Tl2 8 e919 «=TIZ «ABZ = =6TOL OR BEDS 


RESEMELY COMPLETE, NO ERPOR’S) 
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ei 249% = 258 
BITIN 215 238 232 235 237 2488 
BITS 16# «128 
BITSO «6158 95 
BITTIM 12 868 100 86129 
BLERCD 163% 
BRL 165# = 167 
BR2 1768 =173 
BRI1L 4h 47 
BRI2 498 55 
PP I4 Se@ SL 
BRID 28 42844 
Bu 2018 207 
BuU2 203% ©2804 
BURST 165 169 184 191 193 2008 
cit 42tt = 128 
cl2 1258 «126 128 
CI3 129% = 142 
CI4 1708 «1240 133 Z 
cIs 137 1438 
CIN 2@ «148% 
CKRATE 155% 248 
coL 97H = 148 
co2 161# 102 184 
COUT 35 e4 924 
CRTL 2t =8=—33 
CRITST = 625% 
CYCNO «153% = 288 
ECHO 20h = 36 
HALFEI 14# 71 = 124 
HALFCY 154# 202 
LORCHX 41578# 244 
LEADER 156 163 
PEL 2158 = 248 
PR2 2198 . 222 
PLAYBK 2i4# 246 
S4 77H | 83 
SIGNON 29 76% 
STRNG 76 oSe 
TAPEIN 249 = 2278 
TAPEO 171 = 1798 
TH 2288 = 245 
Tl2 2298 «234 232 
TI2 2248 =236 238 
TOL 1828 6195 
CROSS REFERENCE COMPLETE 
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O OC: 


eA : 


di 
a 


O OL 


ORDERING INFORMATION 


Semiconductor components are identified as follows: 


Example: 
M Cc 5 1 0 1 


Four or five characters 
per device type 


Package Type 

B — Hermetic Package, Type B 
C — Hermetic Package, Type C 
D — Hermetic Package, Type D 
M — Metal Can Package 

P — Plastic Package 

X — Unpackaged Device 


M — Indicates Military Operating 
Temperature Range 


Up to three character 
modifier for power, 
speed, processing, etc. 


Examples: 
P5101L CMOS 256 X 4 RAM, low power selection, plastic package, commercial temperature range. 
C8080A2 8080A Microprocessor with 1.5 us cycle time, hermetic package Type C, commercial 


temperature range. 


MD3604/C 512 X 8 PROM, hermetic package Type D, military temperature range, MIL-STD-883 Level 


C processing. * 


MC8080A/B_ 8080A Microprocessor, hermetic package Type C, military temperature range, MIL-STD-883 


Level B processing. * 


Kits, boards and systems may be ordered using the part number designations in this catalog. 


The latest Intel OEM price book should be consulted for availability of various options. These may be 
obtained from your local Intel representative or by writing directly to Intel Corporation, 3065 Bowers 


Avenue, Santa Clara, California 95051. 


“On military temperature devices, B suffix indicates MIL-STO-883 Level B processing. Suffix C indicates MIL-STD-883 Level 
C processing. “S” number suffixes must be specified when entering any order for militarv temperature devices, All orders 


requesting source inspection will be rejected by Intel. 
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PACKAGING INFORMATION 


PLASTIC DUAL IN-LINE PACKAGE TYPE P 
16-LEAD PLASTIC DUAL IN-LINE B35 (21.209) 


PACKAGE TYPE P | 83s ee 
IN 1 


All dimensions in inches and (millimeters) 


° 


255 (6.477) 
245 (6.223) 


satis _t 


= MAX, 
-200{5,080) 140 (3.556) (8.255) 
MAX 130 (3.302) 
SEATING 
ee t tors f A £ 
12S (3.175) .015 MIN. . ! ’ 
MIN. . 


“a 


1s 
(0.381) t : 
110 (2.794) 060 TYP 032 vam ro ee) asl 
1090 (2.286) (1524) (0.813) P , REF 
905 (22.987) 
18-LEAD PLASTIC DUAL IN-LINE fp 995 (22.733) ‘ 
PACKAGE TYPE P PIN 


- MAX 
.200(5.080) 140 (3.556) (8.255) 
MAX. - - 1 (3.302) n 
sta Ns 7 10 TYP o 
AN! A 
125 (3.175) UT t sel H “J 
, MIN. J - a. 4 

Ley - . 

110 (2794) O60TYP gy 020 (0508) gee I 
REF. 


090 Tye "016 (0.406) 
(090 (2.286) (1.524) 10.813) “016 (0.406) 


20-LEAD PLASTIC DUAL IN-LINE C= 
PACKAGE TYPE P oe 
os 3 
255.6460) 
245 iH 223) 
Xs 4 


125 (3.175) 


: . {015 min sor f——A 
. “oa (284) kis: 


MIN. _.l an : ' 
2190 (2.794) 060 ~otte 029 (0508) ree 
eo le ea scan 1¥ ‘016 (0.406) Lis. 
1.105 (28.067) 
22-LEAD PLASTIC DUAL IN-LINE | 1.095 (27:013) | 
PACKAGE TYPE P Saacie a 
355 (9.017) 
“345 (8.763) 


MAX. 
-200 (5.080) 2155 (3.937) (10.795) 
MAX. +145 at 
SEATING 


TRLANE, | = ~~ Coors ain, ‘oa. f x e 
MIN. a LL ! oa 7 lL (0.381) 


020 (0.508) 450 | 
110 (2.794) O60 TYP = .o3z TYP 016 (0.406) Uae 
090 (2 286) (1.624) (0.813) 7 


A2-2 


PACKAGING INFORMATION ii cimensions in inches and (millimeters) 


PLASTIC DUAL IN-LINE PACKAGE TYPE P 


24-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 


-200 (5.080) 
MAX, 


SEATING -_—_—-. 
PLANE Cos MIN. 
125 (3.175) 2 (0.381) 
NIM: od Le y . (0.508) Lo _J 
310 (2.794) 60 TYP O32 TYP “or6 70408) (148510) 
“090 (2.286) (1.524) (0.813) AEF. 
1.455 (36.957) _ 
28-LEAD PLASTIC DUAL IN- LINE: 1.445 (36.703) | 
PACKAGE TYPE P eee PINT 
° 
545 (13.843) 
535 (13 665) 
Sends me | 625 
MAX. —>{ 
160 (4.064) « (15.675) 
356 ae} | | 
SEATING as i Pa 
PLANE L015 min. feaear eis 
125 (3.175) J. (0.381) L a | 
-el}e- .020 (0.508) : 
aoe ty guy tie 
40-LEAD PLASTIC DUAL IN-LINE —— Reaisa 
PACKAGE TYPE P r __ PINT] 
° 
(545 (13.843) 
‘Sas (13.589) 
= jt as 
MAX, 
200 (5,080) 17S (4.445) [" al 
MAX Te (4191) | 
SEATING 010 TYP Fa cm 
PLANE t ors uil (0.284) 1 ~t 1s° 
125 (3.175) (0.381 
. .110 ‘2790 060 TYP 032 TYP | amos a a 
090 (2.786) (1.524) (0.613) nee REF. 
A2-3 


PACKAGING INFORMATION aii dimensions in inches and (millimeters) 


CERAMIC DUAL IN-LINE PACKAGE TYPE D 
16-LEAD HERMETIC DUAL IN-LINE 7 et 


i ee "750 Loe 
PACKAGE TYPE D PINT 


310 17.874) 
265 (6.731) 
325 
< ; 165 (4.191) lene 
+ a [=] 
\ “FoaRE red Pat 015 MIN. ee gage 
i 125 513 175) | “(0.381) (0.254) “T 
"A10 (2.794) 
090 (2.286) neeoe 032 TYP, 4 ot Le! se 
(0.813) 
920 (23.000) 
18-LEAD HERMETIC DUAL IN-LINE | pac 
PACKAGE TYPE D my 
= 310.0878 
265 (6731) 
328 
-200(5.080) 165 (4.191) MAX. 
~— BNC "140 (3.556) |_s=_| 
S . + e 
SEATING t ie ae 
ie eee | / OISMIN, O10 TYP | \ A 
i 125 (3.175) }-— (0.381) (0.254) —"F ~ 
MIN. a 020 (0.508) 376 
i 1016 (0.406) |—19's251—-| 
2110 (2.794) 060 TYP. .032 TYP REF. 
1090 (2796) 11.524) (0.813) 
990 (2 
ae 
20-LEAD HERMETIC DUAL IN-LINE a 
PACKAGE TYPE D 
: pa (7.874) 
268 (6.731) 
200 (5.080) ae 
; 1165 (4.191) MAX, 
mvc 1740 (3.556) : _ ozs | 
\ } ) ( a 
j | SEATING = 
Lf { | PLANE | eae 010 TYP ~! 2 
425 (3.175) : (0.254) —“F 
MIN Ir 020 (0.508) | a5 
+110 (2.794) 080 TYP .032 TYP a a Peel 
080 (2.286) (1.524) (0.813) 
1.095 (27.813) 


22-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 


“~~ 7.060 (26.924) ee 


2 
z 


200 (5.080) 
MAX. 


1180 (4.572) “MAX 
1150 (3.810) 
a r 
PLANE O16 MIN, 010. TYP. {Ue 
125 (3.178) ~~ 


(0.254) 
060 TYP (0.381) 
po re) (1.824) 
090 (2.286) ‘i 


H 

; 47 

220 (0.508) b—(12.065)—+| 
REF. 


.032 TYP 016 (0.406) 
(0.813) 


A24 


PACKAGING INFORMATION a1 aimensions in inches and (millimeters) 


CERAMIC DUAL IN-LINE PACKAGE TYPE D 


24-LEAD HERMETIC DUAL IN-LINE 1208 G2em0) 
PACKAGE TYPE D | LEI nee | 


62S 
MAX. 
- 4.44! 
72015 588) : 75 es) 5 = 
rn =m 
PLANE 


42S (3.175) (0.381) 
MIN. 
arisen 220 tasoe) i ar. ns) Re 
090 (2.286) “0. 813) 
1.485 (37.719) 
28-LEAD HERMETIC DUAL IN-LINE | TAR eat 
PACKAGE TYPE D ieee Pint 
600 (15.240) 
515 (13.081) 
carr 625 
175 (4.445) sepa 
ne Jas (3.683) [| 
stating a i age 
ae | mi o1sMIN,  -010 TYP. wi < 
12S (3.175) | LU Ve. (0.381) (0.254) 
” es “(1.524) ze, (0.508) Lut oo 
016 (0.406) 


110 (2.794) .032 TYP 


2.080 (52.832) 
40-LEAD HERMETIC DUAL IN-LINE 2 eee 
PACKAGE TYPE D betes PINT 
600 (15.240) 
‘S15 (13.081) 
ae 62s 
MAX. 
ber eae Ret 7 118.878) 
= Py 
se “015 MIN. .010 TyP. 1° 
126 (3.178), (0.381) (0.284) 
i ‘ “neta al 220 (0.508) Late 
e110 (2.794) 032 TYP ‘016 (0.406) 
1090 (2.286) (0.813) 
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PACKAGING INFORMATION dimensions in inches and (millimeters) 


CERAMIC DUAL IN-LINE PACKAGE TYPE C 
16-LEAD HERMETIC DUAL IN-LINE 


820 
790 
PACKAGE TYPE C | 


ba 


\: 


.v) 


ri 


a 


.200 (8.080) 095 (2. 
MAX. : 
130 
SEATING | : FR a 
LAN 4 —T * . \ io 
, 125 (3.175) 050 TYP. 0.509) be ia, i 
MIN. “(1270)- J 022 (0.588) | .s8,--/ 
2110 (2.794) arte 207 Oza REF 
080 (2.286) : 
18-LEAD HERMETIC DUAL IN-LINE , 
PACKAGE TYPE C 
.200 15.080) 095 (2.413) 
MAX. 1070 (9.778) 
+ ——-4 130 
| (3.302) 
SEATING aa a MAX face o 
PLANE : .010 TYP. 10° 
sted | ee ot ei 
2125 (3.175) -050 TYP. ' ' 
MIN. ”. L (1.270) 022 (0.558) ba 325 
032 TYP. 015 (0.381) (8.255) 
2110 (2.794) az se REF. 
“090 (2.288) : 
£990 (25.146) 
20-LEAD HERMETIC DUAL IN-LINE Se neal PINT MARK 
PACKAGE TYPE C 7— r 
; (7.620) 
(7.992) 
.200 (5.080) 120 (3.048) 
MAX. T100 (2.545) 
sd 135 MAX 
SEATING -—- 1429) ¢ 
PLAN [ | 1.025 MIN .010 TYP ie 
San ae (0.635) ‘o.2sa) ~F q 
Ne (1.270) al 022 (0.558) i 325 _.| 
eee O15 (0.381) (8.255) 
M10 (2.794) a2 YP) REF. 
‘090 (2.286) ; 
22-LEAD HERMETIC DUAL IN-LINE ‘ PIN 1 MARK 
PACKAGE TYPE C 
400 (10.160) 
6.652) 
.200 (5.080) 100 (2.540) 
MAX. (070 (1.774) 
== 140 MAX. AQ 
| (3.656) 
SEATING = oO 
ThA {os MIN. 010 TYP. sie 
125 (3.178) 050 TYP. “ ies (0.284) ae | 
vie sete D5 (0381) Lectinrpsicel 
2110 (2.794) 032 TYP, REF, 
“090 (2.288) (0.813) 
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PACKAGING INFORMATION All dimensions in inches and (millimeters) 


CERAMIC DUAL IN-LINE PACKAGE TYPE C 
24LEAD HERMETIC DUAL IN-LINE 1215 gossy 


PACKAGE TYPE C 


Orr  qul as 


600 (15.240) 
+570 (14.478) 


1145 MAX 
-200 (5.080) 095 (2.413) (3.683) 
MAX. 070 (1.778) 
gg eee 
: iPr Ps 
: WL 
tar ee 
lees Lad 
110 (2 794) REF. 
1030 (2:286) 
1.415 (35.941) 
28-LEAD HERMETIC DUAL IN-LINE | eee: 


PACKAGE TYPE C 


.200 (5.080) 


| i | o 
010 TYP io 
(0.254) ~ Me: 


40-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE C 


(0.254) 


_ 28 
3 Ee 
x 
“gf 
ale 


110 (2.794) 
090 (2.286) 
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PACKAGING INFORMATION aii aimenstons in inches and (millimeters) 


CERAMIC DUAL IN-LINE PACKAGE TYPE B 


22-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE B 


| T1060 (26.924) 


400 (10.160) 
370 ( 9.398) 


L 


428 


MAX. 
é ae 
= 190 (4.828) 
1% Te0eay 
Senet ‘| o: 
L L nisin, .010 TYP ~fis 


SEATING 
PLANE 


125 (3.175) (0.381) (0,254) 
MIN, 0 2700 | I aL 020 (0.508) | 475 a 
(080 (2.286) oso Tye = .osz Typ, 016 (0.406) uizoe) 
(1.824) (0.813) 
24LEAD HERMETIC DUAL IN-LINE ae we al 
PACKAGE TYPE B 7 PIN 
600 (15.240) 
i S15 (13.081) 
= 4 625 
22015.558) 150 13.810) plaplee 
J At 5 13275) 7 = 
190 (4.826) 
seating ig "185 (3.937) 
® \ ene 015 MIN. .010 TYP. eu ae 
100 (2540) fs (0.380) (0.254) : 
110 (2.794) _d ls aL .020 (0.508) | 675 » 
090 (2.286) r ox tye Sie ioa08) (17.145) 
(0.833) REF. 
1.485 (37.719) 
28-LEAD HERMETIC DUAL IN-LINE 1.435 (36.449) 
PACKAGE TYPE B PINS 
600 (15.240) 


570 (13.081) 


625 
22015.558) “150 (2. MAX x 
MAX. : ae 
-—-—: 190 (4.826) 
SEATING me ChELTi) ee 155 (3.937) , 
LANE u Loismin. oro ve wis 
125 (3.178) ol (0.381) (0.254) . 
soe boi aL a sen Litt 
: 3 on . ate 1016 (0.406) REF. 
2.080 (52.832) 
40-LEAD HERMETIC DUAL IN-LINE 2a Biss 
PACKAGE TYPE B . 
3 {600 (15.240) 
570 (13.081) 
eas 625 
220(5.558) 150 (3.810) 
MAX. as 


MAX. 

a5) SL 875) 
190 (4.826) 
1155 (3.937) 


SEATING 
PLANE 


aan | o 
ul .015 MIN. 010 TYP. "18° 
125 (3.178) (0.381) (0.284) ‘ 
MIN. “10 270 _| le a 920 (0.508) L 675 | 
090 (2.286) 060 TYP, 032 TYP 016 (0.408) 197.145) — 
(1.824) (0.813) REF: 
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NOTES 


NOTES 


NOTES 


NOTES 


NOTES 
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Hla melee wns Core 
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KUROPEAN MARKETING OFFICES 
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INTERNATIONAL DISTRIBUTORS: 
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Tei 3 
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“Field Application Location 


Mune reat Murra 
mete hee Telephone ember 


MICROCOMPUTER AND MEMORY COMPONENT 
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TWA 910 338 0026 
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U.S. AND CANADIAN SALES OFFICES 
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18393 Morrison 
1 Adansen Steet, Suite 105 
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To! (415) 043-7623, Ind anapetns 46749 
Meet Tet (317) 255-4147 
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Tel. (714) 835-6642 Te (301) 332-4360 
TW 610-595-1914 tan i 
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COLORADO Hanover 21076 
Intel Corp * Ter (201) 252-7742 


000 East Crane Ave. Tx 710-722-1007 
ida 1, Sate 200 

Dorner 20222 

Tes. (309) 138-8086 

TW 910-031-2288 


EUROPEAN MARKETING OFFICES 


seco FRANCE 
inte! tstematonal* Inte! Cerporation. SARL* 
Rue du Vota & Papier a Baance 
S1Botet 
B-1960 Dre Runge Coden 
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ORIENT MARKETING OFFICES 


JAPAN TArWwAN 
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fann.ng € 
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Tet 103) 426-0701 
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INTERNATIONAL DISTRIBUTORS 
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‘Note New Telepnore humber 


SALES AND MARKETING OFFICES 


MASSACHUSETTS 


fer wenn esraize 
Twa 710-343-4333 


D 
3640 hortneesiom Hoy 
Sete 431 

Soames 46075 

Tet (212) 353-0920 
TWH 910-420-1212 
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MINNESOTA 
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8200 Niormanaa'e Avorue 


new JERSEY 
Inte: Corp 
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$05 Trova! St 
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Tet (201) 494-5049 

TW 710-480-4738 


NEw MEXICO 


Tet (305) 323-0608 
Tw 910-583-0543 
BFA Corporation 
2705 Wesrerte'a NE 
Avugverqve O71! 
Tos (308) 292-1212 
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NEW YORK 
Intel Corp? 
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(506) 221-2300 

Twa sosrane 

tntat Corp. 
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Langbree 32 206 Poor 
D<-3100 Copennagen Cast 
Cerna 
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HONG KONG 
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MEW YORK (cont) 


Fea 033 ase 
Twn 710 541-0384 


85 Vernet Street 
oace-e, how Yort 12801 


Tet (914) 473-2309 
TWH 510-248-0080 


WORTH CAROLINA 
Ger Write Assoc.ates 
3700 Computer Or. Suto 390 
Regn 21609 

Tot (919) 77-7916 


ono 
inte! Corp.” 

8912 norm Main Street 
Dayton 454i 

3) 620-5350 


Creve and 44122 
Tes, (216) 464-2738 


Tot (S03) CATA 


PENNSYLVANIA 
ive! Cem? 

273 Commerce Of 
200 Or<0 Comer 
Sore 217 

Fon Wasnagion 19004 
Tel (218) $42 9444 
TW $10-461-2077 


TENNESSEE 
Glen Wr te Associates 
Ri 412, Noresod SO 
dorendoro 37 
Tou (615) 477-6850 
Gen Write Ansociates 
2523 Howard Road 
Germantows 20138 
Yer (01) 754-048) 
Glen Whe Ansoc ion 
tas Ragze Lane Rood 
Mason 3749 

Tet. (615) CAR T799 


rcLano 
Intet Corporation (UK) Lid * 


c 

Ter (cass: 77 1438 
TELEX 637203 
betel Corporation (UK) Lie 
46-50 Dean Sueet 
Ractecn. Cresnae CWS SLI 
Tel (227) 62 63 00 

TELEX 36820 


KOREA 
Kerem Deptal 
Room 411 ANI B89 
494 2-048 

nag te 

Leewoos tntematonst Ine. 
CPO Ox aus 

11223 Seuong-Dong 
re Ka, Sos 


sepa 
Pan ectron 

WoT Mogentunate Mache 
Mdiger, Ra, Youohama 228 
Tot (cas) 471-8011 
TOLER TanarT3, 


Ryavo Cece Comp 

Kenes 6:93, 

1.1222 Tent, 1Orome 
Crseks Terre 104 

Ter On 457710 

Negpen Ure Comparer Co Lid 
Wotan Bq 45:21 Rojec 
Cr pose by Teaye 102 

Tot (03) 239.0041 


METHERLANOS 
neice Negerand 
AIOE otirane 
doar Uy aemweg BE 
Mo 1o8 Awavereoe 
Tei (030) 834824 
TELCn 432 


NEW ZEALAND 
WR Wetent Od 
109 3 force Matron Averut 


woaway 
ord 0k Cantroran (Merge! A/S. 


NOvo? 
Te. (22) $8 38.89 
TELE 10063 


PORTUGAL 
Oran 

Comporertes £ Clacton LDA 
Ae Megeet Bowbaréa, 123 
Labeat 

Tet 


aan 


Tous 
tetas Corp * 

6776 SW Freeeey 

Sete $20 

Hosen T7074 

Te (719) 784-3400 
Wrercermens Vereing ne 
13777 M Conve! Expressway 
Bete cs 


Tax 910-867-4763 
Urcroryviens Wantetog ine. 
C10 aren Avene, Sete 125 
Ho.sion 17036 

Tee (713) 1857000 


tote! Coro. 
PAIS CBD Freewsy 
a 


Lyrer burg 24205, 
Tet (804) 384-4820 
Goer We te Asroc-stes 
At st, Bc X72 
Cotonin: Beach 77643 
Tet (04) 226-4079 


WASHINGTON 
£3 (Crate Co. 
70 Bor 0000) 
Searre 38108 

Tou (708) 702-4024 
Tan 010-446-2208 


wisconsy 
tne Corp 
4369 3 Howe! Ave, 


22H gme 
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FEex canes 

Mane 
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TELEX C2485, 
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PO Bee 1400 

7012 Fecbacn 

Tet (0711) sacoar 

TELE 7254828 
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S11 BS2081 

TOLER 0823625 


SOUTH AFRICA 
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Che B21 Ture 
Ter 121) © 22:30 
TCE saree 


UTED KcDOM 
Papa us 

11-13 Beserton Sueet 
Ovary Lave 
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Te: 12) 379-0744 

ELEN 0782 

GEC Semcontectors Lis 
Cost Lane 

Went ey HAD TPP 
MasSeren 

Ter 21) 904 0363 
TELCe 92470 
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Te: 0732) sated 
TUK a5 

Beton Cecronce Ua" 
Areerghl Road 

Reas—g Bertanice 
noes 

Tet (aTd4) esage 


‘Field Application Location 


ALABAMA 


jHamilton/Avnet Electronics 
805 Oser Drive NW 
Huntsville 35805, 

Tel: (205) 533-1170 

Pioneer 

1207 Putman Drive NW 
Huntsville 35805 

Tel: (205) 837-9300 


ARIZONA 

tHamilton/Avnet Electronics 
8155 North 21st Street 
Phoenix 85021 

Tel: (602) 275-7851 
qLiberty/Arizona 

8155 N. 24th Avenue 
Phoenix 85021 

Tel: (602) 257-1272 

TELEX: 910-951-4282 


CALIFORNIA 

tAvnet Electronics 

350 McCormick Avenue 
Costa Mesa 92626 

Tel: (714) 754-6111 

Tel: (213) 558-2345 
tHamilton/Avnet Electronics 
575 E. Middietield Road 
Mountain View 94040 
Tel: (415) 961-8600 
qHamilton/Avnet Electronics 
8917 Complex Drive 

San Diego 92123 

Tel: (714) 279-2421 
tHamilton Electro Sales 
10912 W. Washington Boulevard 
Culver City 90230 

Tel: (213) 558-2121 
tLiberty Electronics 

124 Maryland Street 

El Segundo 90245 

Tel: (213) 322-8100 

Tel: (714) 638-7601 
TWX: 910-348-7140 
sLiberty/San Diego 
6284 Mercury Court 

‘San Diego 92111 

Tel: (714) 565-9171 
TELEX: 910-335-1590 
Elmar Electronics 

2288 Charleston Road 
Mountain View 94040 
Tel: (415) 961-3611 
TELEX: 910-379-6437 


COLORADO 


tElmar/Denver 

6777 E. 50th Avenue 
Commerce City 80022 

Tel: (303) 287-9611 

‘TWX: 910-936-0770 
tHamilton/Avnet Electronics 
5921 No, Broadway 

Denver 80216 

Tel: (303) 534-1212 


CONNECTICUT 
1Cramer/Connecticut 
35 Dodge Avenue 
Norn Haven 06473 
Tel. (203) 239-5841 
qHamilton/Avnet Electronics 
643 Danbury Road 
Georgetown 06829 
Tel: (203) 762-0361 
tHarvey Electronics 
112 Main Street 
Norwalk 06851 

Tel: (203) 853-1515 


FLORIDA 

1Hamilton/Avnet Electronics 
6800 Northwest 20th Ave, 

Ft Lauderdale 33309 

Tel: (305) 971-2900 

1Pioneer 

6220 S. Orange Blossom Trall 
Suite 412 

Oriando 32809 

Tel: (305) 659-3600 


GEORGIA 

1Hamillon/Avnet Electronics 
6700 1 85, Access Road, #11 
Norcross 30071 

Tel: (404) 448-0800 


ILLINOIS 
1Cramor/Chicego 
1911 So, Busse Ad. 
ML Prospect 60056 
Tei: (312) 503-8230, 


**Note New Telephone Number 


U.S. AND CANADIAN DISTRIBUTORS 


ILLINOIS (cont) 
tHamilton/Avnet Electronics 
3901 No. 25th Ave. 

Schiller Park 60176 

Tel. (312) 678-6310 

Pioneer /Chicago 

1551 Carmen Drive 

Elk Grove Vill 
Tel: (312) 437-9680 


INDIANA 


Tel: (317) 849-7300 
‘Sheridan Sales 

8790 Purdue Road 
Indianapolis 46268 
Tel: (317) 297-3146 


KANSAS 

1Hamilton/Avnet Electronics 
9219 Quivira Road 

Overland Park 66215 

Tel: (913) 888-8900 


MARYLAND 
tHamilton Avnet 
7235 Standard Drive 
Hanover 21076 

Tel: (301) 796-5000 
1Pioneer/Washington 
9100 Gaither Roag 
Gaithersburg 20760 
Tei: (301) 948-0710 
‘TWX: 710-828-0545 


MASSACHUSETTS 

{Cramer Electronics Inc. 

85 Wells Avenue 

Newton 02159 

Tel: (617) 969-7700 
tHamitton/Avnet Electronics 
100 E. Commerce Way 
Woburn 01801 

Tel: (617) 933-8000 


MICHIGAN 

1Shoridan Sales Co. 
24543 Indoplex Circle 
Farmington Hills 48024 
Tel: (313) 477-3800 
{Pioneer/Michigan 
13485 Stamtord 
Livonia 48150 

Tel: (313) 525-1800 
tHamilton/Avnet Electronics 
32487 Schoolcraft Road 
Livonia 48150 

Tel: (313) 522-4700 
TWX: 810-242-8775, 


MINNESOTA 

IIndustrial Components 
5280 West 74th Street 
Minneapolis $5435 

Tel: (612) 831-2666 
1Cramer/Bonn 

7275 Bush Lake Road 

Edina 55435 

Tel: (612) 835-7811 
tHamilton/Avnet Electronics 
7683 Washington Avenue So. 
Edina 53435 

Tel: (612) 641-3801 


MISSOURI 

tHamilton/Avnet Electronics 

396 Brookes Lane 

Hazelwood 63042 

Tel: (314) 731-1144 

Sheridan Sales 

110 S. Hwy. 67, Suite 10 
63031 


r 
Tel: (314) 837-5200 


NEW JERSEY 
tHamilton/Avnet Electronics 
216 Little Falls Road 

Cedar Grove 07009 

Tel: (201) 239-0800 

TWX: 710-994-5787 

Harvey Electronics 

389 Passaic Avenue 


tHamilton/Avnet Electronics 
113 Gaither Drive 

East Gate Industria! Park 

MI. Laurel 06057 

Tel: (609) 234-2133 

TWX: 710-897-1405 


NEW MEXICO 

Alliance Electronics Inc. 
P.O. Box 13562 Sta. E 
11726 Linn Ave, NE. 
Albuquerque 87123 

Tel: (505) 292-3360 
tHamilton/Avnot Electronics 
2524 Baylor Drive, SE. 
Albuquerque 87119 

Tel: (505) 765-1500 


NEW YORK 
1Cramor/Rochester 
3000 Winton Road South 
Rochestor 14623 

Tel (716) 275-0300 
tHamilton/Avnet Electronics 
167 Clay Road 

Rochester 14623 

Tel. (716) 442-7820 
1Cramer/Syracuse 

6716 Joy Road 

East Syracuse 19087 

Tel: (315) 437-6671 
tHamilton/Avnet Electronics 
6500 Joy Road 

E. Syracuse 13057 

Tel; (315) 437-2641 
tHamilton/Avnet Electronics 
70 State Street 

Westbury, LI. 11590 

Tei. (516) 333-5800 

TWX: $10-222-8237 

tHarvey Electronics 

60 Crossways Park West 
Woodbury 11797 

Tel: ($16) 921-8700 


NORTH CAROLINA 


Pioneer/Carolina 

2906 Baltic Avenue 
Greensboro 27406 

Tel. (919) 273-4441 

TWX: 510-925-1114 
tHamilton/Avnet Electronics 
2803 Industrial Drive 

Raleigh 27609 

Tel: (919) 829-8030 


OHIO 

1Sheridan Sales Co. 
2501 Nef! Road 
Oayton 45414 

($13) 223-3332 
tHamilton/Avnet Electronics 
954 Senate Drive 
Dayton 45459 

Tel. (513) 433-0610 
TWX: 810-450-2531 
{Pioneer/Dayton 
1900 Troy Street 
Dayton 45404 

Tel: (513) 236-9900 
tSheridan Sales Co. 
10 Knolicrest Drive 
Cincinnati 45222 
Tel. (513) 761-5432 
TWX: 810-461-2670 
{Pioneer/Cleveland 
4800 E. 1318t Street 
Cleveland 44105 
Tel. (216) 587-3600 
tHamilton/Avnet Electronics 
761 Drive, Suite E 
Cleveland 44143 

Tel: (216) 461-1400 
1Sheridan Sales Co. 
Vorsapiex Bidg. 

701 Beta Drive 
Cleveland 44143 
Tel: (216) 461-3300 


OKLAHOMA 
1Components Specialties, Inc. 
7920 E. 40th Street 

Tulsa 74145 

Tel: (918) 664-2820 
OREGON 

1Almac/Stroum Electronics 
4475 S.W Scholls Ferry Ad. 
Poniand 97225, 

Tel: ($03) 202-3534 


PENNSYLVANIA 
+Sh in Sales Co. 
4297 nsburgh Pike, Suite 3114 
Misburgh 15221 
(412) 351-4000 
Pittsburgh 
560 Alpha Drive 
Pittsburgh 15238 
Tel: (412) 782-2300 
Pioneer/Delaware 
141 Gibraltar Road 
Horsham 19044 
Tel: (215) 674-4000 
TWX: 510-665-6778 


TENNESSEE 
1Shoridan Sates Co. 
6900 Office Park Circle 
Knoxville 37919 

Tet: (615) 588-5386 


TEXAS 

Component Specialties Inc. 
6330 Bumeit Road, Sulte 101 
Austin 78758 

Tel. (512) 459-3308 

1Cramer Electronics 

13740 Midway Road 

Dallas 75240 

Tel. (214) 661-9300 
tHamilton/Avnet Electronics 
4445 Sigma Road 

Oallas 75240 

Tel: (214) 661-8661 
tHamilton/Avnet Electronics 
3939 Ann Arbor 
Houston 77063 

Tet: (713) 780-1771 
1Component Specialti 
10907 Shady Trail, Sulte 101 

Dallas 75220 

Tel: (214) 357-6511 

i Component Speciatties, Inc. 

8585 Commerce Park Drive, Suite 590 
Houston 77036 

Tel: (713) 771-7237 


UTAH 

tHamilton/Avnet Electronics: 
1585 West 2100 South 

Salt Lake City, 84119 

Tel: (801) 972-2800 


WASHINGTON 
tHamilton/Avnet Electronics 
13407 Northrup Way 
Bellevue 98005 

Tel: (206) 746-8750 
lAlmac/Stroum Electronics 
5813 Sixth Ave. South 
Soaitic 98108 

Tol: (206) 763-2300 
tLiberty Electronics 

1750 132nd Avenue NE 
Bellevue 98005 

Tel: (206) 763-8200 


WISCONSIN 
tHamilton/Avnet 
2975 Moorland Road 
New Berlin §3151 
Tel: (414) 784-4510 


CANADA 


ALBERTA 
1L A. Varah Lid. 
4742 141h Street N.E_ 
Calgary T2E 6L7 
Tel: (403) 276-8818 
Telex: 13 825 89 77 


BRITISH COLUMBIA 
HLA. Varah Ltd. 
2077 Alberta Street 
Vancouver VSY 1C4 
Tel: (604) 673-3211 
TWX: 610-929-1068 
Telex: 04 53167 


ONTARIO 

1LA, Varah, Lid. 

SOS Kenora Avenue 
Hamilton L8E-3P2 

Tol: (416) 561-9311 

TELEX: 061-6349 
tHamilton/Avnet Electronics 
3688 Nashua Drivo, Unit GH 
Mississauga L4V IMS, 

Tol: (416) 677-7432 

TWX: 610-492-8867 
tHamilton/Avnot Electronics 
1735 Courtwood Cresc. 
Oltawa K2C 32 

Tol: (613) 226-1700 

TWX: 610 562-1906 
1Zentronics 

141 Catherine Streat 
Ottawa, Ontarlo K2P 103 
Tel: '3) 238-6411 
tZentronice 

99 Norfinch Dr. 

Downsview, Ontario M3N 1W8 
Tel: (416) 635-2822 

Telex: 02-021694 


QUEBEC 

1Hamilton/Avnet Electronics 
2670 Paulus 
St Laurent H4S 142 
Tel: (514) 331-6443 
TWX: 610-421-3731 


tMicrocomputer System Technical Demonstrator Centers 


Join The MCS-85™ Mailing List 


Please fill in the information below to ensure your accurate representation on 
our mailing list for MCS-85™ product information and application notes. 


Name 
Company 
Title 
Mail Stop 
Address _. 

City ____~ State ___._ Zip 


Phone 


My Interest Is: 
O tmmediate 
O Long Term — Please put me on your mailing list. 


My Application (Check the one box that best applies): 
O Communications 

O Hobby or Educational 

O Business or Data Processing 

O Terminals 

O Process or Machine Control 

O Instrumentation or Test Equipment 

O Other 


INGirie: 22 ns 


Company 


Title — 


Mail Stop 


PGOCOSS (2 a 
City State Zip 


Phone 


My Interest Is: 
O Immediate 
O Long Term — Please put me on your mailing list. 


My Application (Check the one box that best applies): 
O Communications 

O Hobby or Educational 

OD Business or Data Processing 

O Terminals 

O Process or Machine Control 

O Instrumentation or Test Equipment 

O Other 


System Requirements: 
RAM Memory(bytes):O < 256 0 257-512 O 513-4K 
O 4K-16K 0 More 
Static RAMQ Dynamic RAMO Battery Backup Req'd 0 
ROM/EPROM Memory (bytes): 0 < 2K OD 2K-4K 
O 4K-16K O 16K-32K 0 More 


Input/Output 
Lines: 0 0-160 17-38 O 39-64 DO 65-128 0 More 
Interrupt 
Levels: O04 05-8 O9-12 OMore 
DMA 
Channels: Oo O1-4 O5-8 OMore 
Timers: oo o1 02 OD More 


System Peripherals: 


O Floppy Disk 0 Mag. Tape Cassette 
O Mini-Floppy Disk O Asynchronous 
O CRT Communications 


Interface 


O Synchronous 
Communications 
Interface (Incl Bi-sync) 


O Other 


O SDLC Interface 

O A/D Converter 

O Seven-Segment/Dot 
Matrix Display 

O Keyboard 

O Printer Head 
Controller 


System Requirements: 
RAM Memory(bytes):C < 256 © 257-512 O 513-4K 
O 4K-16K O More 
Static RAMO Dynamic RAMO Battery Backup Req'd 0 


ROM/EPROM Memory (bytes): 0 < 2K O 2K-4K 
0 4K-16K O 16K-32K 0 More 


Input/Output 
Lines: 0 0-160 17-38 0 39-64 0 65-128 0 More 
Interrupt 
Levels: Oo0-4 05-8 O912 OMore 
OMA 
Channels: 00 O1-4 O5-8 OMore 
Timers: oo O1 a2 O More 


System Peripherals: 


O Floppy Disk O Mag. Tape Cassette 
O Mini-Floppy Disk 0 Asynchronous 
O CRT Communications 


Interface 


O Synchronous 
Communications 
Interface (Incl Bi-sync) 


O Other 


O SDLC Interface 

D A/D Converter 

O Seven-Segment/Dot 
Matrix Display 

O Keyboard 

O Printer Head 
Controller 
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